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Examining the Impact of Technology on Student Learning: 
Case Study of an Approach Based in School Improvement 
By Frank H. Keis 
CHAPTER 1. INTRODUCTION 
Currently, educators are shifting from using books, televisions, projectors, and 
many other types of equipment as tools to help disseminate knowledge to their 
students to using technology to support learning for all students (Hawkins, 1993). In 
the past, technology was typically used to provide additional information, to master a 
collection of steps, to support didactic instruction, to reinforce the teacher as 
dispenser of knowledge, and to assess students on factual and discrete skills 
(Papert, 1993; Means, 1994). Now, technology, along with other elements in the 
learning environment, can be used to create a rich authentic learning environment 
for both students and educators to learn and teach. 
Technology has been pegged as having the great potential for revolutionizing 
education (David, 1994; Tyack & Cuban, 1997). At the core of this revolution is a 
commitment to changing what and how students learn in order to improve student 
achievement. However, according to David (1994), this revolution has been stalled 
because there has been a need to find "an answer to the wrong question" (p. 169). 
For example, instead of reforming education, the users of technology incorporate it 
into the current method of instruction, teacher directed, in order to improve 
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standardized test scores (Hawkins, 1993; David, 1994). Sheingold and Frederiksen 
(1994) state that it is "unlikely that any strong link can be forged between 
assessment and reform without considerable help from technologies, such as 
computers, telecommunications, and multimedia data bases" (p.111 ). Therefore, 
electronic technology, in particular computers, has been added to the teacher's 
technology toolbox as a result of the commitment to change from using technology 
to disseminate knowledge to using technology to support learning. 
Background 
The research inquiry for this case study emerged from the shared interest of 
the Iowa Consortium for Assessment of Learning with Technology (ICAL T) in 
assessing student learning in a technology-rich learning environment. ICAL T, 
consortium of Iowa leaders and scholars interested in technology usage, started with 
the implementation and assessment of technology planning in Iowa schools but is 
currently focusing on what the members have termed the "big" question: "How does 
technology use in classrooms affect student learning?" The members of ICAL T 
include area education agencies' technology specialists, local education agencies' 
technology specialists, Iowa Department of Education personnel, Iowa Star Schools 
personnel, university professors, classroom teachers, and school administrators. My 
role, as a graduate assistant, in ICAL Twas to aid in the coordination of ICAL T 
meetings and research. The ICAL T pilot study emerged from ICAL T members from 
an area education agency who were implementing an Iowa Star School grant. The 
study began in March 1998 with conversations with the area education agency 
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personnel on prospective research on how does technology affect student learning. I 
began gathering data for this study in April 1998. 
With this diverse interest, there has been rich dialogue on the uses of 
technology and the assessment of student learning within the context of national, 
state, and local concerns. Two issues have provided the richest dialogue at the state 
and local levels. These issues revolve around two State of Iowa legislations: the 
influx of state dollars for the districts to purchase hardware, software, connectivity, 
and some professional development; and the recent legislation termed the 
"accountability law" that requires school district to report student achievement 
uniformly with standardized test scores and authentic assessment. 
To aid in the understanding of the issues, ·ICAL T designed a model (shown in 
Figure 1) of the interrelationships of elements in the learning environment including 
technology and learning. The ICALT model may also be found in the Appendix. The 
function of the ICAL T model is to visually represent an approach to the assessment 
of learning with technology. To guide this approach, critical elements and processes 
were identified. The elements are school improvement, technology, and research. In 
the graphic model, school improvement encompasses the whole process of 
assessment as illustrated by the umbrella. 
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Figure 1: ICAL T model 
Within the technology-rich environment, the assessment of student learning is not 
about assessing technology, but the assessment of the process of using technology. 
This is represented by the monitor fading into the background and illustrates how 
technology supports the assessment process in the model. The last foundational 
element, research, gives the participants an understanding of how others are 
assessing students' learning and how to apply this knowledge to their situation. The 
research is represented in the model by the shadows of columns of text. 
Technology and research are visually represented in the ICALT model as 
background elements with the school improvement umbrella in the forefront of the 
graphic. School improvement covers the three internal processes: development, 
systems, and assessment. These internal processes are shown by the spiral helix, 
which represents the dynamic nature of the model (Thompson, Schmidt, Walker, 
O'Connell, Bergland, Bengfort, & Linduska, 2000). 
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Problem 
The issue of finding a link between technology and student learning is 
compounded by the increasing investments in hardware and connectivity. With the 
increasing investments comes a rising urgency from the "investors" to secure a 
positive return. The heightened focus is on how the technology is being used and 
what impact the technology has on student achievement (CEO Forum, 1999). Up to 
this point, the school districts would report the return in terms of "counting" 
computers to communicate the ratio of students to computers and student-teacher 
"contact hours" to demonstrate the time spent in labs and workshops (Sun, 2000). 
Their view of simplifying or underestimating the impact by "counting" is slowly 
changing as school districts face the challenge of exploring the impact of technology 
on student achievement. Although there is a lot of talk about technology and the 
changes that technology can make, there lacks enough supporting evidence 
validating increased achievement with experiences from using technology. 
Furthermore, the types of assessment that are currently being used in school 
districts do not address the higher order thinking skills that technology may be best 
suited to support. 
Purpose 
The purpose of this study is to use the ICAL T model as a framework to 
provide a detailed description of a situation where technology was used to support 
higher order thinking skills, and the process the school districts went through to 
assess the technology-rich learning environment. A case study approach is used to 
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describe the process four middle schools in four different school districts within an 
Iowa area education agency used to implement and assess math standards in this 
technology-rich environment. Results from this study will provide valuable 
information for educators interested in determining the effects of technology on 
students' learning. 
Methodology 
A case study methodology approach will be used. According to Sommer and 
Sommer (1997), "A case study is an in-depth investigation of a single instance" 
(p.193). In this particular instance, personnel from school districts and the 
overseeing area education agency were observed as they implemented technology 
to support an engaged learning environment. This learning environment was based 
on a standards-based curriculum and the use of multiple assessment tools. The 
ICALT model will be used as a framework to provide a detailed description of the 
situation where technology was used to support higher order thinking skills, and the 
process the school districts went through to assess the learning environment. By 
using a case study approach, the results are described within the context of the 
participants and the setting. 
This study takes a snapshot of the transition when participants changed and 
adjusted from the old paradigm of dispensing knowledge to the creation of an active 
learning environment. Several methods were used to collect data from interviews 
with teachers and students, to collect student artifacts, to interview experts, and to 
participate in training and professional development. I, as a graduate researcher and 
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active participant in the project's workshops, was able to obtain data that would not 
be available otherwise and was also treated as part of the newly developing culture 
and environment. 
Context 
As an outcome of dialogue among ICAL T's members, the graphic 
representation (see Figure 1) of ICAL T's approach to the assessment of learning 
with technology emerged. Through a brainstorming method, members identified 
critical elements and processes in the technology-rich educational environment. The 
result is a complex and dynamic model that provides a framework for assessing 
uses of technology in learning and teaching. The following describes the model. The 
first is the three foundation elements of school improvement, technology, and 
research. 
Foundation elements. Comprehensive school improvement is a continuous 
process of advancing student learning by creating an engaging curriculum within a 
supportive caring community (D. Burger, personal communication, March 26, 1999). 
School improvement is symbolized as the overarching umbrella in the model, which 
represents all the assessment processes and all the inputs of the ICAL T model that 
comprise school improvement. Within school improvement, content standards are 
used as targets for two reasons: (1) to show what is valued and (2) to be used for 
making a judgment of quality (National Council of Teachers of Mathematics, 1995). 
The belief is that technology is not an isolated tool that can be assessed and 
is not in the forefront of teaching. Instead, it supports the process of learning. 
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Research provides a foundation for further research, which emerges, changes, 
supports, and drives the current thinking. Moreover, it reflects the changing 
questions and inquiries as technology's role changes. Awareness of what is 
happening will strengthen and support future inquiries. 
Internal processes. Three internal processes are development, systems, 
and assessment. The two-color swirl emerging in the center of the model represents 
development and systems. The development consists of both a curriculum and 
professional aspect while systems component includes teachers' beliefs, support 
(administrative and financial), ·and resources. Both curriculum and professional 
developments have an impact on how technology may be used with the students in 
classrooms. Moreover, how teachers view the value of using technology will 
determine how technology will be used in the classroom. The support by 
administration in using technology may also determine how long teachers will use 
technology, because teachers need access to meaningful resources in order to 
integrate the content standards (Thompson, et al, 2000). 
The goal of the model is to assess student learning within a technology-rich 
environment in order to improve schools. At the heart of the model is assessment, 
which provides documentation of the model. During the assessment procedures, all 
the elements and processes need to be addressed. The results will be used to 
inform school improvement. The ICAL T model is dynamic and ever changing. In 
addition, all elements and processes are an integral part of the model. 
Pilot. The first use of the model was in a pilot study in an area education 
agency (AEA). Iowa is divided into 15 area education agencies that serve respective 
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. regions of the state. The AEAs, as intermediate service units, provide quality 
educational services to local school districts. The Iowa AEA system has six core 
service areas: special education, curriculum development, school/community 
planning, professional development, media services, and school technology 
services. In addition to these six core services, the area education agency studied in 
this case study has two additional core services: early childhood education and 
educational assessment. 
Definitions of terms 
The following terms are defined to aid the reader in the uniform interpretation 
of the study. 
Technology. According to Webster's Unabridged Dictionary, technology is a 
"technical process, invention, method, or the like" (p. 1950, 1996). 
Technology rich. A technology rich environment is an environment where 
technology is used to enrich the learning for all students. 
Limitations of study 
There are limitations to the study. The two main limitations are my role in the 
study and time. I took measures to alleviate my biases, as I was a graduate 
researcher and an active participant in the study. Even though I carefully obtained 
data and validated the data through member checks and asking experts and 
colleagues, it is impossible to safeguard against my biases and my personal 
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observations. I will note these biases as data are reported. In addition, I have 
carefully triangulated the data to increase the reliability. 
The data were also collected over a period of time, over a two-year period. 
Some of the participants who started with the study did not finish either by choice or 
left the school district for another position. In addition, the extensive amount of data 
took time to analyze. Time is a limitation in itself. When working with data, the events 
of changing technology or differing views will influence the value of the results. The 
study presents a process or a way of thinking more than the tangible ways of 
creating or duplicating this environment. The data is not generalizable because it is 
particular to the situation, but the process may be valuable for other school districts 
or policy makers in making decisions on determining the impact of technology on 
students' learning. 
Summary 
There appears to be a higher interest from diverse stakeholders in assessing 
students learning. The interest appears to have increased with the advent of 
electronic technology in the classroom. Computers, in particular, have been pegged 
as the answer to many educational questions and the tool for the future job force 
(Dertouzos, 1997). However, stakeholders and educators interpret how technology 
may solve reform in the schools differently as they engage in implementing 
technology in the classroom. 
With the upheaval resulting from the rethinking the role and functions of 
technology, the placement of standards, the acquisition of performance assessment, 
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and the valued knowledge, schools' personnel are exploring the complex issue of 
how technology impacts student achievement. This study looks at the bigger 
educational picture and not isolated elements, because learning is a social 
interaction within a realistic context and not an isolated activity within a well-
structured, sterile environment. 
12 
CHAPTER 2. LITERATURE REVIEW 
This chapter provides a review of relevant literature supporting this study. 
Issues of students' learning in a technology-rich learning environment will be 
presented first. This information will provide background information for evaluating 
with technology. Second, three varying views of the role or function of technology in 
the learning environment will be described. Third, the learning environment will be 
portrayed. The learning environment will be constructed based on the last view 
discussed in the previous section. This environment will include describing students' 
learning, development of teachers, and engaged learning. Next, the assessment of 
student achievement, which includes content standards, performance standards, 
and assessment tools will be examined. The last part will present the assessment 
and the connection between technology and student achievement. 
Computers did not just appear in the educational setting. Electronic 
technology has been inching its way into the mainstream since the 1960s. Since its 
inception, parties have debated how to best define the role and function of 
computers in education (Cuban, 1986). This debate has pitted two opposing views of 
the benefits of computers. Policymakers, working from a cost-benefit model, view 
increases in norm-referenced and criterion-referenced test scores when evaluating 
the benefits of computers (Cuban, 1986). On the other hand, teachers have viewed 
the benefits of preparing students for jobs, increasing student interest in learning, 
increasing student access to information, and making learning an active experience 
(Davis, Hawkes, Heinecke, & Veen, 2000). This dilemma has fueled the difficulty in 
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developing a consensus of the impact of technology as schools continue to invest in 
technology hardware, software, and professional development. 
Issues 
The debate regarding how much to spend and what to spend it on continues 
as issues emerge that demonstrate the complexity of assessing students' learning in 
a technology-rich environment. For example, legislators, as they try to determine 
budget and policy, may pit class size, use of technology, professional development, 
standardized testing, and standards-based curriculum against each other as they 
determine how to improve education within a budget cycle. The community, 
however, appears to view technology as very important in better equipping the work 
force even though the budget is getting tighter. 
In 1999, Richard W. Riley, Secretary of Education, convened a conference on 
educational technology and evaluation. At this conference, the participating 
stakeholders (teachers, district curriculum and technology coordinators, 
administrators, state curriculum and technology coordinators, state and national 
policymakers, and researchers) determined the following critical issues in evaluating 
technology's use in schools. These issues were (1) the effectiveness of technology 
is embedded in school improvement, (2) common language and standard of practice 
need to be established, (3) current practices of evaluation need broadening; for 
example, standardized test scores offer limited formative information, (4) reporting of 
evaluation findings need to be as diverse as the diversity of stakeholders, (5) 
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teachers are integral to the process and are not the sole burden of proof, and (6) 
policy and practice needs to be balanced (McNabb, Hawkes, & Rouk, 1999, p. 2). 
In addition, North Central Regional Educational Laboratory reports several 
elements as critical issues to effectively use technology within an engaged learning 
environment. These elements are equitable access for all learners, application of 
high standards, alleviation of funding crisis, coordination of the larger community 
members with the schools, commitment to support professional development of all 
educators, and the inclusion of parents and community as partners with the schools 
(2001 b). 
Based on the above issues, there are several elements that emerge in the 
learning environment. These elements, along with learners and technology, are 
school improvement, standards, assessment, teachers, policy and practice, equity, 
finances, community, professional development, and parents. However, there have 
been varying views regarding how these elements have interacted together to 
impact students' learning with technology. 
Views of impact of technology on student learning 
A special issue of Educational Technology Research & Development in 1994 
examined the debate of the impact of technology on student learning. What emerged 
were three camps of varying views of the role or function of technology. One of 
those is headed by Clark (1983) who sees technology as nothing more than a 
"delivery truck," where "media are mere vehicles that deliver instruction but do not 
influence student achievement any more than the truck that delivers our groceries 
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causes change in our nutrition" (p. 445). Clark states that the newness of the 
medium is often confused with the methods being used; therefore, the increased 
achievement is clouded by the novelty of the media (Clark, 1983; Clark, 1994a; 
Clark, 1994b). 
Kozma (1994), in contrast, believes that the interaction between the media 
and instructional methods create a learning environment that may perpetuate 
learners constructing knowledge. The learners, teachers, media, and methods all 
impact student learning. Kozma grounds the interaction between learner and 
technology in distributed cognition theory. According to this theory, all elements of 
the learning environment share in the creation of knowledge. For example, 
technology may make learning easier and more efficient for the learner. By 
alleviating what the learner needs to learn to accomplish a task, the learner is better 
able to do more (Sweller & Chandler, 1994). Furthermore, Kozma believes the 
effects of methods may be separated from the effects of technology; however, there 
is limited research to support this claim (1994). 
Jonassen, on the other hand, believes that the interaction within the learning 
environment with the addition of technology is complex, intertwined, and 
inseparable. The particular group of researchers that Jonassen represents believes 
that the wrong question has been. asked. The previous question has been how 
effective is the media or which media does better. These questions, in various forms, 
are not keeping up with the current usage of technology in the classroom nor are 
they creating a distinction between the differences in the media of ten years ago and 
the technology of today (Jonassen, Campbell, & Davidson, 1994). Moreover, 
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Jonassen Campbell, and Davidson (1994), like Tennyson, believes that the learning 
environment needs to focus on the outcome of what students construct, within a 
foundation of constructivism, where curriculum and technology are interwoven. In 
other words, the technology is interlinked with all aspects of the "lesson" from 
objectives to assessment, and should be chosen based on how it supports the 
expected learning outcome (Tennyson, 1994; Schrock, 1994). 
The debate among the three camps is hinged on whether technology 
influences student learning. Clark believes that media does not influence learning, 
while Kozma believes learning is affected by many elements, including technology. 
However, Kozma (1994) states that the influence of the methods and the technology 
may be separated in order to determine the degree of influence of each on learning. 
The third camp of Jonassen Campbell, Davidson, Tennyson, and Schrock have 
moved beyond the question of whether or not technology influences learning to the 
belief that technology is a tool to support learning in a constructivist learning 
environment. Part of the dilemma in doing research in this area is the polar 
theoretical understanding of what role technology plays in the learning environment. 
What needs to be understood first is the process students pursue in order to learn. 
Constructing learning environments 
In addition to what students should know, another question hinges on the 
manner in which the learning environment should be constructed. According to 
Jonassen, Peck, and Wilson, students learn when they construct their knowledge 
from activity embedded in context (1999). In addition, learning should pursue global 
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goals of problem solving and research skills, focus on exploring possible answers 
through collaboration, and incorporate multiple perspectives (Roblyer & Edwards, 
2000). These guidelines are contrary to the historical behavioral approach to 
teaching where the students were prodded with a stimulus, and a response of 
punishment or reward was induced as a result of the students' behavior. 
Students' learning 
Technology is part of a complex learning environment, as noted above. At 
one time, Clark's proposal made sense as the classroom was structured to support a 
teacher-centered approach and teachers focused on disseminating knowledge and 
assessing that knowledge. There were few options or methods being introduced in 
the training of teachers. Historically, the knowledge that had been transferred to 
students was predominantly factual and discrete (Means, 1994). In the early part of 
the twentieth century, knowledge acquisition focused on literacy skills: reading, 
writing, and calculating. It was not a common practice to "train" people to think 
critically and to be able to solve complex problems (Bransford, Brown, & Cocking, 
1999). According to Sobray Evans (1993), a curriculum supporting knowledge-based 
learning and focusing on teaching has shifted to a "meaning-centered curriculum" 
focusing on student learning (p. 71). 
Currently, it is believed that thinking critically and solving complex math and 
science problems are crucial "basics" for all students (Roblyer & Edwards, 2000; 
Jonassen, Peck, & Wilson, 1999; Grabe & Grabe,, 2001; Lappan, 1999). Moreover, 
the information age has increased the demand for higher order thinking skills in 
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order to respond to the knowledge-based work place. Thus, the simple question of 
what should students know is at the heart of reform and is debated at the national, 
state, and local levels. 
Higher-order thinking skills and problem solving. According to Grabe and 
Grabe, higher-order thinking skills may be difficult to define, but have some 
identifiable attributes (2001). Higher-order thinking is complex, effortful, self-
regulated, and involves judgement (Grabe & Grabe, 2001, p. 81). Problem solving 
and critical thinking are two skills that may be used to obtain higher-order thinking. 
According to Roblyer and Edwards (2000), within problem solving, "problems may 
be posed in terms of specific goals ... , as 'what if questions ... , or as open-ended 
questions ... (p. 67). According to Lappan (1999), "although drill and practice have 
their place, the heart of a successful mathematics program must focus on good, 
challenging problems" (p. 3). 
Development of teachers 
Within the learning environment, key players in the success of accepting or 
rejecting change are the individuals working at the grass roots level, the teachers. In 
order to transfer an innovation into the daily practice of the classroom, the change 
agent needs to understand how the user, teacher, will ultimately implement it 
(Ellsworth, 2001). Teachers have been taught and have seen direct instruction to be 
the most commonly used instructional practice (Means, 1994). The teacher, who is 
constructing a learning environment with focus on student learning and higher order 
thinking skills, appears to need a change in his or her approach to instructional 
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practice (Parker, 1997; Loucks-Horsley & Sparks, 1994). In order to monitor the 
success or failure of this change, a change agent may use the Concerns-Based 
Adoption Model (CBAM). CBAM emerged in the early 1970s when innovations in 
schools were not being fully implemented (Hall and Hord, 1987). By understanding 
the stages of concerns and level of uses of innovations, schools could have a better 
understanding of the success or failure of these innovations by looking at how their 
teachers are using the innovations. The stages of concern portion of the model 
focuses on the seven kinds of concerns. At each stage examines the affective level. 
The following table describes the stages of concern. The stages are hierarchical 
where an individual progress from the bottom to the top (Gass, 1993): 
Table 1. Stages of concern 
Stages of Concern Expressions of Concern 
Stage 6: Refocusing Exploring more universal benefits to implementation 
Concerns including major changes. 
Stage 5: Collaboration Coordination and cooperation with others to better 
Concerns meet the needs of all their students. 
Stage 4: Consequence Impact of implementation on students; refining so 
Concerns students benefit 
Stage 3: Management Focus on the processes and tasks of implementation, 
Concerns organization, management, scheduling, time, and 
materials. 
Stage 2: Personal Uncertain about personal ability demands of 
"Concerns implementing new instruction, relation to reward 
structure, decision making, areas of potential conflict, 
and financial or status implications for self and 
colleagues. 
Stage 1: Informational Seeking a general awareness of and details about new 
Concerns directions: characteristics, effects, and requirements of 
implementation. 
Stage 0: Awareness Little concern or involvement with mathematics. 
Concerns 
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The movement from one stage to the next cannot be forced, however, the teacher 
experiencing the"transition may be supported and assisted in the process. For 
example, by understanding where the teachers are experiencing their concerns, the 
change agent may development appropriate professional development activities to 
assist in the process. In addition, by building community support, the teachers may 
be assisted by expressing their concerns with their peers. These concerns may 
include how to engage the students in a technology-rich learning environment and 
how effective will the technology be in this environment. 
Engaged learning 
According to Jones, Valdez, Nowakowski, and Rasmussen (1994), 
technology effectiveness can be defined as the intersection of learning and 
technology continuums. The learning continuum goes from passive learning to 
engaged learning to sustained learning. The indicators that demonstrate that the 
learner is progressing along the continuum follow: (1) Learners are responsible for 
their own learning which is indicated by the ability to develop and refine problem-
solving strategies, work collaboratively,·and be intrinsically motivated, (2) The tasks 
for engaged learning are challenging, authentic, and interdisciplinary, (3) Learners 
are assessed with performance-based assessment tasks that are aligned with the 
learning goals and equitable standards, (4) Instruction engages the learner by the 
teacher facilitating and guiding the meaningful learning activities, (5) The learning 
community is collaborative, knowledge building, and empathetic with heterogeneous, 
flexible, and equitable groups, and (6) The learner explores, reflects, and generates 
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knowledge (Jones, Valdez, Nowakowski, & Rasmussen, 1994). These indicators 
may guide the process in creating a learning environment that empowers learners to 
take initiative in their own learning, encourage refinement of knowledge, collaborate 
with peers on authentic tasks, and to transfer their understanding to other problems. 
Engaged learning is contrary to the teacher directed classroom that has led the 
instructional process for years. 
The technology continuum describes the technology performance indicators 
as technology supports the learning environment. These indicators are access, 
operability, organization structure, engagement, ease of use, and functionality. 
These technology indicators may be further defined as equitable accessibility of 
technology for all learners, transparent use of technology by the user, distribution 
across multiple resources, support of learning by doing, timely feedback, and 
functional support of creation of products (Jones, Valdez, Nowakowski, & 
Rasmussen, 1994). 
When the two continuums are combined, they can form any one of four 
learning and technology patterns: (1) engaged learning and high technology 
performance, (2) engaged learning and low technology performance, (3) passive 
learning and high technology performance, or (4) passive learning and low 
technology performance (Jones, Valdez, Nowakowski, & Rasmussen, 1994). The 
first two patterns are the most optimal. 
The goal in engaged learning is to increase both learning activity (from 
passive to active) and technology performance needs (Jones, Valdez, Nowakowski, 
& Rasmussen, 1994). For example, E-mail may be used mostly for communications, 
22 
which may be termed a low-performance technology. The status of E-mail as a low-
performance technology may change if the activities increase to include more active 
learning. Artificial intelligence may be used as a high-performance technology. 
Artificial intelligence technologies integrate media in order to advance skills in 
problem solving and learning by doing. Though highly technical, students may learn 
this technology with more active and realistic situations. By understanding the role 
and performance of technology, the instruction may be designed to better support 
and sustain engaged learning. 
In addition, according to Mann (1999), the curriculum that is focused on 
engaged learning fosters learning by doing, displaying, and presenting; has a 
foundation of collaboration; engages students in conversations that build 
understanding; and promotes higher order thinking skills. Mann describes this as 
engaged curriculum (1999). Engaged curriculum, along with a caring community, 
may promote student achievement as demonstrated in the following model (see 
Figure 2). This model defines a process fmproving schools (D. Burger, personal 
communications, March 26, 1999). 
The caring community may emerge as parents become more active in their 
children's learning. According to Wenglinsky, a better school environment with 
parent involvement and a larger community may correlate with student achievement 
gains (1998). Indicators for better school climates are better attendance, less 













Figure 2. School improvement model 











Students' learning may be viewed as complex process of creating a learning 
environment based on content and standards that will eventually emerge as an 
engaged learning environment where the learners construct their own knowledge by 
engaging in active participation, collaboration, authentic tasks, reflection, critical 
thinking, and problem solving (Jones, Valdez, Nowakowski, & Rasmussen, 1994; 
Mann, 1999). This environment is supported by the use of technology; however, the 
question remains: "How is the learner assessed in an engaged learning 
environment?" 
Assessment of students' achievement 
One dilemma in assessing students' achievement is what measure should be 
used to determine the success or failure of the learning. In a traditional evaluation of 
students' performance, teachers would sort these students into categories of "A" 
through "F" in order to assign ranks to the class (Kohn, 1994). Kohn (1994) contends 
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that the problem with this method has nothing to do with students learning. What has 
emerged from the midst of standardized testing and rigid curriculum is a standards-
based movement where the focus is on educational outcomes and accountability. 
The goals of the standards-based reform are (1) high academic standards, (2) 
accountability for student outcomes, (3) inclusion of all ~tudents, and (4) flexibility to 
foster instructional change (Goertz, 2001 ). The reform was further supported by the 
provisions of Title I of the Improving America's Schools Act of 1994. This required 
"the states to establish challenging content and performance standards at least in 
reading and mathematics, to implement assessments that measure students' 
performance against these standards, to hold schools and school systems 
accountable" (Goertz, 1994, p. 63). The following discusses content standards, 
performance standards, and the methods of assessing the achievement of 
standards by the students. 
Content standards 
While some states have created and implemented statewide standards, many 
professional associations have also developed content-specific standards. In the 
content standards, there is increased emphasis on problem solving reflected in both 
content and processes (the manner of mastery). For example, The National Council 
of Teachers of Mathematics has developed standards that focus on higher order 
thinking skills. The standards are balanced between mathematical content goals in 
the areas of number and operations, algebra, geometry, measurement, and data 
analysis and probability and the processes of problem solving, reasoning and proof, 
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connections, communication, and representation (National Council of Teachers of 
Mathematics, 2000). The interpretation of these standards by the stakeholders may 
determine the usage of technology. 
Standards can provide criteria for judging the quality of assessments 
(National Council of Teachers of Mathematics, 1995). The standard alone is words 
typed on paper, but the interpretation of the standard gives it strength. In addition, 
the value placed on the standard instigates a powerful dialogue among the 
stakeholders. A dialogue emerges on the process of learning in the complex 
environment created by the expectations of the stakeholders as stakeholders try to 
quantify the standards in order to assess student achievement. 
Performance standards 
According to Resnick and Nolan (1995), the standards movement needs to be 
defined by functional standards and not by the ability to quantify them. These 
standards are not imposed by legislators, but are goals that will help raise learners' 
performances. The New Standards Project is developing functional standards in 
several content areas, including mathematics, where students create portfolios that 
demonstrate benchmark performances (Resnick & Nolan, 1995). These learners' 
portfolios demonstrate how the functional standards can show concrete learning 
(Resnick & Nolan, 1995). 
The New Standards Project is a joint project of the National Center on 
Education and the Economy and the Learning Research and Development Center at 
the University of Pittsburgh. It began in 1990 as a system of internationally 
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benchmarked standards for student performance and an assessment system to 
measure the performance against the standards. While professional and research 
associations are developing content standards, the New Standards demonstrate the 
level at which students should be performing (North Central Regional Educational 
Laboratory, 2001a). 
These standards are different since the teachers are involved in the 
development of tasks and the scoring of the students' responses. This is different 
from what testing experts do in developing standardized tests. According to Warren 
Simmons, "We're talking about building an assessment system that heavily engages 
teachers in task development, scoring, and using the results to improve curriculum 
and instruction" (as cited in O'Neil, 1993, p. 2). According to Resnick, "We don't 
turnkey a test: they don't give us X dollars so that we'll deliver a completed test a 
year and a half later. We do, in effect, turnkey a process, though" (as cited in O'Neil, 
1993, p. 7). 
Assessment tools 
Traditionally, methods of assessment have been paper and pencil tests that 
involve short answer, multiple choice, and matching that focused on details and 
certain elements of larger structured problems. Furthermore, traditional achievement 
tests were used to rank students in order of achieving the designated standard 
(Resnick, 1999). The concern is that the methods of assessing are not aligned with 
the standards implemented to benchmark the students' learning (Hoff, 1999). For 
example, the dilemma of using traditional methods of assessment within the 
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performance outcomes of standards is compounded when the learning is higher 
order thinking skills but the assessment is focused on memorization; collaborative 
abilities while the assessment is in isolation; in-depth research and not factual 
information; and debate of ideals and not sole acceptance of correct knowledge. 
These skills are not measured by traditional methods of assessment. What may be a 
better fit to what students are currently learning in a standards-based curriculum is 
an authentic (performance or alternative) method of assessment. These methods 
focus on the actual work of students based in a real world example and not a sterile 
disconnected structured one. For example, Exemplars, founded in 1993 by Ross 
Brewer, are performance assessment tasks designed to meet content standards in 
mathematics, science, and reading. Exemplars followed the approach that merely 
providing a "correct answer" did not solve a problem. Rather, providing an answer 
that includes accurate computation reflects knowledge of the content and shows 
valid reasoning solved a problem. With Exemplars, the students showed their work 
and detailed the thinking process that led to the conclusion. Resembling most real-
life problems, Exemplars had multiple solutions (Exemplars, 1997). An example of 
an Exemplars problem and sample assessment is located in the Appendix. 
Another tool in the assessment process is technology. However, technology 
has been used mostly as an assessment tool for doing the administering, scc;>ring, 
and reporting of traditional method of assessment. Although technology can be an 
efficient method for such tasks, there are other connections between technology and 
assessment. According to Sheingold and Fredericksen (1994), there are five 
connections of assessment to technology: (1) support students' work in authentic 
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tasks, (2) create portable, accessible, and replayable performances in multiple 
media format, (3) provide libraries of examples and interpretative tools, (4) expand 
the community of assessment participants, and (5) publish and recognize selected 
student work (p.121). 
Research on technology and assessment 
The research that has been done on the impact of technology on learning is 
considered to be in its infancy (Schacter, 1999). The Milken Exchange, in its 1999 
report, presented the five largest studies focusing on education technology and 
several smaller studies. The following reports some of these studies. 
Kulik, in 1994, conducted a meta-analysis to aggregate the findings of more 
than 500 research studies of computer-based instruction (consisting of drill and 
practice, tutorial, and Integrated Learning Systems). The result was that average 
students using computer-based instruction scored at the 54th percentile on 
achievement tests compared to the 50th percentile for students without computers. 
Also, students learn faster with computers, and in addition, they also like their 
classes more. However, the study did not find positive effects in all areas (Kulik, 
1994; Baker & O'Neil, 1994). 
Sivin-Kachala examined 219 studies dated between 1990 through 1997. In 
the findings, students in a technology-rich environment had positive experiences 
with technology, showed increased achievement, and consistently improved their 
self-concept. However, the effectiveness of technology is influenced by several 
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factors including the design of software, student population, and teachers (Sivin-
Kachala, 1998). 
Baker, Gearhart, and Hermann evaluated The Apple Classrooms of 
Tomorrow that were located in five school districts in four states of California, 
Tennessee, Minnesota, and Ohio. The overall goal of the initiative was to encourage 
instructional innovation in supporting learning with technology. The evaluation 
showed that there were new learning experiences requiring higher order thinking 
skills (though not conclusive), teacher practices changed from didactic teaching to 
more collaboration, and there were no significant differences in standardized tests 
(Baker, Gearhart, & Herman, 1994). 
A rather large study of the whole state of West Virginia was completed after 
ten years of research and disseminated in 1999. The study focused on West 
Virginia's Basic Skills/Computer Education Statewide Initiative, The findings showed 
(1) significant gains in reading, writing, and math, (2) more cost savings than other 
interventions such as reduction of class size, and (3) success with special 
populations such as low income students, rural students, and girls. In addition, they 
found that the more students participated the more the test scores improved on 
Standard 9 with the emergence of more positive attitudes (Mann, Shakeshaft, 
Becker, & Kottkamp, 1999). It was also reported that the study was limited to the 
technology available over a ten-year period and the instructional strategies that were 
commonly used during that time period. The Internet and the project-based learning 
commonly used today were not heard of nor commonly used when this study began. 
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The authors also noted that the study fits the needs of West Virginia and in particular 
the school districts studied (Mann, Shakeshaft, Becker, & Kottkamp, 1999). 
Wenglinsky (1998) looked at the effects of simulation and other technologies 
that included higher order thinking on a national sample of 6,227 fourth graders and 
7, 146 eighth graders on mathematics achievement of the National Assessment of 
Educational Progress (NAEP). The purpose of the study was to determine if 
technology use could be correlated with students' learning in mathematics. Teacher 
characteristics, class size, and socioeconomic status variables were controlled. He 
found that eighth graders who used simulation and higher order thinking software 
gained math scores of up to fifteen weeks above grade level as measured by NAEP. 
Those students who had teachers who were trained to use the software gained in 
math scores of up to thirteen weeks above grade level. He concluded that higher 
order uses of computer and professional development were positively related to the 
students' academic achievement in the content area of math for both fourth grade 
and eighth grade. However, if the students used drill and practice technologies, they 
performed worse than those who did not use drill and practice technologies. His 
conclusions were that technology was not a cure-all for problems facing schools, not 
a mere fad, and when used properly, may serve as a tool to improve students' 
learning in mathematics (Wenglinsky, 1998). 
Schacter (1999) reported, as part of Milken Exchange, from the examination 
of the above research 
that students with access to (a) computer assisted instruction, or (b) 
integrated learning systems technology, or (c) simulations and software that 
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teaches higher order thinking, or (d) collaborative networked technologies, or 
(e) design and programming technologies show positive gains in achievement 
on researcher constructed tests, standardized tests, and national tests (p. 9). 
Technology-rich environments may augment the communication among 
participants, empower students to develop and refine positions, present accessible 
rich databases, and create an active learning environment for all students (Schacter, 
1999; Sheingold & Fredericksen, 1994). In addition, as computers evolve from text-
based isolated computer-based instruction applications to graphics-rich multi-
sensory networked communities that are faster, portable, and smaller than their 
distant cousins and become more prevalent in schools, the functions of technology 
will be left to the imaginations of stakeholders including students (Honey, Culp, & 
Carrigg, 1999; David, 1994). Technology does have an impact on student learning. It 
may not be conclusive on standardized tests, but an environment with increased 
positive attitudes, the enthusiasm of teachers, and the inclusion of all students has a 
role in the technology-rich environment. 
Summary 
There are some studies on the impact of technology on students' learning that 
claim no significance in te·st scores. While, other studies show, by increasing 
professional development activities and higher uses of computers, increases in 
students' achievement may be achieved. The mystique of the body of literature is 
what question is being asked and what technology is being used. Clark says that 
media comparison studies have had their day but should not be continued. Kozma 
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and Jonassen agree, within their own differing context, that media comparison 
studies have a place as part of the research done previously. However, the value of 
what role technology plays in the impact of student learning has not been 
conclusively demonstrated in the research. Technology does have a place in the 
complex learning environment, but what that means is open to debate. 
The purpose of this study is to describe how an area education agency and 
four middle schools used technology to support higher-order thinking skills and to 
assess students' learning. In order to support this reform, the focus needs to include 
more pieces of the bigger picture than technology and student learning. Technology 
as a valuable tool of the environment is one element of a more complex learning 
environment. 
With the emerging issues and elements, there are several elements that may 
influence students' learning. In the McNabb, Hawkes, and Rouk (1999) report of the 
conference convened by Secretary Riley and North Central Regional Educational 
Laboratory reports (2001 b ), the elements that converge are school improvement, 
standards of practice, evaluation tools, teachers, policy and practice, equitable 
access for all learners, application of high standards, alleviation of funding problems, 
coordination of the larger community members with the schools, commitment to 
support professional development of all educators, and the inclusion of parents and 
community as partners with the schools. These elements, along with learners and 
technology, form a complex and dynamic learning environment. 
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CHAPTER3.METHODOLOGY 
The design of the study is based on a case study methodology approach. 
According to Sommer and Sommer (1997): "A case study is an in-depth 
investigation of a single instance" (p.193). Sommer and Sommer (1997) also state: 
It provides the opportunity to apply a multimethod approach to an unique 
event or setting. Unlike other methods that carve up a whole situation into 
small parts, the case study tends to maintain the integrity of the whole and its 
myriad of interrelationships (p. 193). 
The process of developing the case study has been guided by research 
inquiries asking how to describe and understand the assessment of student learning 
within a technology-rich environment. The premise is that technology is an integral 
part of the learning environment and not as an isolated tool. This changing role of 
technology contributes to the emerging research in the assessment of student 
learning with technology. As noted by Schacter (1999) "research on the impact of 
technology on learning is in its infancy though we are beginning to see solid work 
emerge" (p. 3). This case study investigates, explores, and describes the rich 
experiences of middle school teachers, students, and area education agency 




Several groups were involved in the process of this study. These groups 
consisted of ICAL T members, area education agencies' consultants, school 
administrators, teachers, and students. The following chart will provide a visual of 
the participants. Below the chart is a description of each group. 
Table 2. Description of participants 
Participants Description Number of People 
ICALT Consultants, school administrators, 20 
Members teachers, university professors, 
and graduate students 
NTAEA Content and technology 5 
Consultants consultants 
NTAEA School Middle School teachers, students, 9 teachers 
Personnel and administrators 200 students 
4 administrators 
ICAL T members. The first group is the ICAL T members consisting of AEA 
and local education agency technology specialists, Iowa Department of Education 
personnel, Iowa Star Schools' personnel, an Iowa Public Television representative, 
university professors, AEA content consultants, classroom teachers, and school 
administrators. The membership was voluntary and was representative of a 
statewide initiative and interest in school improvement. The first pilot project of the 
group was the Northern Trails Area Education Agency's (NTAEA) evaluation of 
middle school math/technology project funded by Iowa Star Schools. The title of the 
project was Star Schools Middle School Math/Technology Project. 
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The ICAL T members participated in the project by attending professional 
development meetings and administering focus groups for teachers and students at 
two middle schools. In addition, three of the NTAEA consultants participated in 
ICAL T and aided in clarifications of the ICAL T model. For this study, I was an ICAL T 
member as a graduate student and participated in meetings and conferences. By 
participating in ICAL T, I had access to research studies and examples of technology 
usage in participating school districts. ICAL T members also developed the model 
that is used in describing the data from the study. 
NTAEA consultants. The second group consisted of NTAEA's content and 
technology consultants that implemented the evaluation project. This group serves 
24 public school districts and eight private schools in north-central Iowa with 
approximately 22,000 students and 2,400 teachers covering nine counties. Twenty-
two school districts are currently involved in the NTAEA's project. For the evaluation 
project, NTAEA received funding from Star Schools to provide middle school 
educators with the expertise and opportunity to develop a technology-rich, 
interactive, engaging, and developmentally appropriate mathematical curriculum 
based on the National Council of Teachers of Mathematics (NCTM) standards (S. 
Kelley, personal communication, May 1999). 
The consultants provided organization to the process of transforming the 
middle school math programs and resources for the project. With access to ICAL T 
members' resources and experts at the educational regional laboratories, the 
consultants planned the procedures for implementing the project's objectives. During 
the project, the consultants organized and planned the professional and curriculum 
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development for teachers, consulted schools on technology purchases and provided 
training, and pre'sented alignment of curriculum with standards. For this study, the 
consultants provided background and overview of the project as well as access to 
professional development activities and school personnel. In addition, artifacts were 
collected from the consultants to better understand school improvement, research, 
and technology usage in school districts. 
School personnel. The third group in the NTAEA's project consisted of 
teachers, students, and administrators from the Star Schools Middle School 
Math/Technology Project. Initially, nine teachers volunteered to participate; however, 
for this study, six teachers who represented four of the school districts in NTAEA 
actually participated in interviews and observations. Two other teachers allowed 
observations of the classes during activities and reading of students' portfolios while 
another teacher allowed observations only. Although nine different classrooms were 
visited, only six teachers permitted collection of data beyond observations and 
students' artifacts. Data collected from the additional three classrooms were used as 
supporting artifacts. 
For the project, the teachers implemented the project's objectives at the 
classroom level. They received training and support as they explored the process of 
transforming their classrooms. For this study, the teachers provided details on their 
beliefs, resource and support structure, and assessment strategies. 
The students experienced the changes in the classroom by having access to 
technology, being exposed to a standards-based curriculum, and being assessed 
with authentic tasks. For this study, the students' explained their portfolio artifacts, 
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expressed their understanding of learning in the technology-rich environment, and 
provided examples as a result of the learning expectations. 
The administrators included both building principals and district curriculum 
directors. The principals provided support for the teachers at the district level and 
participated in the training. In addition, the district curriculum directors also 
participated in training and provided additional guidance for implementing curriculum 
at the district level. For this study, the administrators provided access to the 
classrooms and discussed the support and resources necessary to implement the 
project. All the school participants provided practical details to their experiences as 
they transformed the middle school math programs. 
For this study, the participants' names have been changed to preserve 
anonymity. The teachers interviewed were veteran teachers with at least ten years 
experience in public schools, were involved with the project from the beginning, and 
received extensive training during the calendar year. In addition, all teachers were 
core members and were initially trained in various assessment strategies and 
technology usage. These core members met on a regular basis for leadership 
training, curriculum changes, and support. From these four school districts, 
approximately 200 students participated in the study either in focus groups or in 
observations of classroom activities. At the time of the study, the students were in 
the sixth, seventh, or eighth grades. 
The following table describes some background information on the 
participants and their school districts. 
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Table 3. Participants and schools descriptions 
Number 
Teacher Classroom of Grade School District 
Students Level Enrollment 
Medium size 
Sally 5th Grade 30 Self- Attached to school district 
Contained high school (500 to 1000 
students) 
Medium size 
Karen (6th) 5th and ?1h 90 Math Own school district 
Lynn (6th) Grade Classroom building (500 to 1000 
Jenny (ih) students) 
Small 
Rita ?1h and ath 40 Math Attached to consolidated 
Grade Classroom elementary school (under 
500 students) 
Small 
Wilma 40 Math Attached to consolidated 
8th Grade Classroom elementary school (under 
500 students) 
Procedures 
NTAEA's project began in 1996 with the notification of funding from Star 
Schools. Their project, the Star Schools Middle School Math/Technology Project, 
was to transform middle school mathematics by developing and sustaining a caring 
community for all learners. The ICAL T members got involved in the project in spring 
1998 when they attended NTAEA's professional development activities and were 
invited to observe middle school teachers in assessing students' learning while using 
technology to create an inclusive learning experience. 
The gathering of data for this study resulted from my experience while 
attending professional development activities of the core group during the summer of 
1998 and subsequent activities. I wanted to understand what was happening in the 
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classroom differently from before their participation in the project. From these 
meetings, I began to gather data in the summer of 1998. The following timeline 
provides an overview of NTAEA's project to the point of my involvement in data 
gathering. 
Table 4. Overview of timeline of NTAEA's project and emergence of the study 
Time Event 
1996 NTAEA received notification of Star School funding that 
was to provide middle school educators the expertise and 
opportunity to develop technology-rich math curriculum 
based on NCTM standards. 
1997 AEA Technology Coordinators met and discussed 
implementation and assessment of technology planning in 
Iowa schools. 
Spring 1998 AEA Technology Coordinators opened the discussion to 
include more statewide membership including university 
personnel. 
March 1998 ICALT emerged from the above conversations. 
Late Spring and NTAEA Star Schools grant became part of the heart of the 
Summer 1998 discussion for ICAL T 
Summer 1998 into Some ICAL T members participated in NTAEA's 
Fall 1998 staff/professional development workshops. Some ICAL T 
members participated in pilot interviews and focus groups 
of 2 school districts. 
Spring 1999 Data began to be collected: interviews, focus groups, and 
artifacts. 
Summer 1999 Clarification of data from teachers and NTAEA staff. 
Exemplar training for some ICAL T members and Core 
group meetings at NTAEA. Integrated research with TREG 
staff at Iowa State. 
Fall 1999 Work with one school district that previously participated in 
a focus group on collecting particular data on Exemplars. 
This data helped clarify existing data but was used in 
another study by another graduate student. 
Spring 2000 to Analysis of data. 
present. 
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During the 1996-1997 school year, 50 middle school teachers from eighteen 
different school districts formed a core group of learners that participated in the 
study of the development of mathematically powerful middle school students (S. 
Kelley, personal communication, May 1999). The teachers were given eleven days 
of intensive professional development during the school year with an additional eight 
days in the summer. They studied developmentally appropriate practices linked to 
resiliency, technology, and an instructional and assessment program called 
Exemplars. The project was supported by a Stars School grant of nearly $200,000 
and incorporated the collaborative efforts of NTAEA, the Iowa Department of 
Education, Iowa Public Television, North Central Regional Educational Laboratory, 
and the Mid-Continent Regional Educational Laboratory. It was funded for three 
years and was guided by the objectives listed in Table 5. 
The objectives focused on using NCTM standards as a basis for assessment 
and instructional practice. The learning environment was rich with interactive 
technologies. It was also noted that mathematics would be presented in engaging 
and developmentally appropriate ways in an effort to be inclusive for all learners. 
These objectives, though initially focused on middle school math programs, were 
later expanded to include a K-12 focus in the third year. 
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Table 5. Project objectives 
Year2 Year3 
Year 1 Objectives Objectives Objectives 
Middle school students will be assessed Expand school Support and 
regarding their competencies in mathematical involvement extend Middle 
communication; problem solving, reasoning, and School Math 
the NCTM content standards through the transformation 
diagnostic process of the Exemplars program. 
Middle school students will experience a Continue Expand math 
mathematics curriculum that is rich in interactive learning and transformation 
technologies. sharing to K-5 and/or 9-
opportunities 12 
Middle school students will be taught Reflect on Develop 
mathematics in engaging, developmentally student work assessment 
appropriate ways, using hallmarks of the "social system - linked 
technologies" consistent with brain based to content 
research. standards 
Middle school students will experience a Support Support 
mathematics curriculum consistent with NCTM's Access Center Instructional 
content and professional standards. visitation Academies 
Middle school students will experience 
measurable improvement in their acquisition of 
mathematical concepts through engaging, 
technology-rich projects. 
Data collection 
The following data have been collected to develop and describe the case 
study (see Table 6). These data include interviews of teachers and students, focus 
groups of teachers and students, observations of teachers and students in the 
classroom, field notes, and artifacts. The artifacts include minutes from ICAL T 
meetings; samples of students' work; NTAEA handouts, meetings, reports, and 
curriculum; factual information on the school districts; and Iowa Star Schools final 
reports. The data collected are descriptive in nature and detailed descriptions will be 
documented along with the emergence of reactions and ideas. In addition, the data 
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collection did not focus on one particular school, but examined four school districts 
within NTAEA. 
Table 6. Description of data collection 
Data Source Participants Volume 
NTAEA Informal Interviews with One primary participant with 
Consultant primary change agent from additional conversations with 3 
Interviews the AEA. secondary personnel from 
NTAEA. 
Teacher Interviews with 3 middle Three teachers: 
Interviews school math teachers from 3 Medium school: 5th grade 
different school districts. Small school: ]1h and ath 
Small school: ath grade 
Student Focus Students from 3 middle Same schools as teacher 
Groups schools from 3 different interviews with a total of 150 
school districts. (Same students. 
schools as teacher 
interviews). 
Teacher Focus Teachers from another school Teachers from the 5m and T 11 
Groups district (separate from the grades for a total of four 
teacher interviews) that teachers. 
requested to do a focus group 
rather than do separate 
interviews. 
Student Focus Students from the school Two groups of students of five 
Group district where the teachers did students each (total of 10) 
a focus group. who represented 5th and 7th 
grades. 
Observations Observe five middle school Nine total teachers were 
math programs in 5th, 7th, and observed with 7 teachers 
ath grades that were from five being interviewed separately 
different school districts. And or participating in a focus . 
observe and participate in group. Students observed 
staff/ professional totaled 200. The workshops 
development workshops. had attendance of 125 middle 
school math teachers. 
The data collected were in four areas: interview transcripts, focus group transcripts, 
field notes, and artifacts. The interviews were recorded on audiotapes and 
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transcribed. The resulting document was printed. I read the document to identify the 
key words that corresponded to the components of the ICAL T model. 
The teachers' interviews were semi-structured with the same questions asked 
of each teacher. There were opportunities for further clarifications as each teacher 
personalized their responses according to their situation. In addition, the focus 
groups of both teachers and students were asked the same questions with 
opportunities to probe further in their responses. The focus groups were also 
recorded with an audiotape recorder and subsequently transcribed. 
The observations of the classrooms and of the meetings were kept in a three-
ring notebook. I took notes during the observations and recorded a summary 
immediately after the observation. This information was recorded along with the 
observations of that particular classroom. 
The artifacts gathered provided clarification, gave additional information on 
the background of the project, and provided further support for collected data. For 
example, during a core group meeting, I was informed that the mission of the project 
was to develop and sustain a caring community for all learners. This was 
represented in a school improvement model that NTAEA was using to provide 
guidance in the project. Additional artifacts included student portfolios. The students 
were excited about the opportunity to share and explain what they learned in the 
math lesson. The teachers explained the expectations of the lesson while the 
students illustrated their understanding by communicating their answers. The 
teachers explained that the expectation was to have the students answer the 
problem completely rather than by just giving the correct answer. The students gave 
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their answers to the problem and illustrated their understanding within the context of 
the problem. This process was referred to by the teachers as mathematically 
powerful middle school students by providing a complete answer. Another artifact 
was the minutes from ICAL T meetings. During the meetings, members discussed 
current research, the use of technology, and collaboration among statewide 
stakeholders. These minutes were used to support data collected in the field and to 
provide direction in gathering materials for this study. 
The data collected were analyzed in the context of the ICAL T model. The 
following describes the method of analysis. 
Data analysis 
In qualitative research, the researcher often develops the coding of categories 
inductively; however, it is not uncommon in qualitative research to have pre-
determined or assigned categories. When this occurs, the categories are supported 
by existing theory or the conceptual structure of the people studied (Maxwell, 1996). 
In this study, the categories were supported by two sources. One source was the 
existing issues that were discussed in the review of the literature. The other source 
was the ICAL T model that provided the conceptual structure for the participants. 
After looking at both the model and the issues, I found similarities. The following 
table illustrates the relationship between the ICAL T model and the issues. 
A comparison of the model and the issues found that they provided a 
foundation for the ICAL T model. Therefore, the components of the model were used 
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for the data analysis. The categories used in this study to present the data are the 
components of the ICALT model that are listed in the first column of Table 7. 
Table 7. Relationship between ICALT Model and Issues 
Issues of evaluating with technology in an 
engaged curriculum 
ICAL T Model Components (McNabb, Hawkes, & Rouk, 1999; North Central 
Regional Educational Laboratory, 2001 b) 
School Improvement Embedded in School Improvement. 
Coordinate with larger community including parents. 
Application of high standards. 
Technology Use technology to support engaged learning. 
Equitable access for all students. 
Research (Research was not specifically stated as an issue; 
however, the foundation of many of the issues 
evolves from research.) 
Development 
• Curriculum Create and sustain an engaged curriculum 
Commitment to support professional development for 
• Professional all teachers 
Systems 
• Teachers' Beliefs Establish common language and standard of practice. 
• Administrative and Alleviation of funding crisis. 
Financial Support Balance of policy and practice. 
• Resources 
Assessment Expand the burden of proof of students' learning 
beyond just teachers. 
Broaden evaluation practices beyond standardized 
test scores 
Report evaluation findings to broad community. 
Although the transcripts of the interviews and the focus groups were the 
primary source of data, all data sources were coded according to the ICAL T model. 
A key feature of qualitative coding is solid grounding in data; therefore, data were 
analyzed and triangulated with other data sources. For example, the transcripts of 
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the interviews and the focus groups were read in their entirety. After the initial 
reading, particular responses were marked with pencil in the margins of the 
transcript with an initial reaction to the component of the ICAL T model the data 
appeared to support. After rereading both sets of transcripts, I went back through the 
first set of markings and used blue ink to record the second reaction to the 
responses. Some reactions did not appear as strong as others. For example, one 
teacher talked about the growing collaboration in her classroom. Initially this 
comment was labeled as support. After a subsequent reading, it was believed that 
her particular comment reflected her belief that collaboration changed the structure 
of learning in the classroom. After each reading of the transcripts, my interpretations 
were clarified and other sources for support were sought. I also asked for peer 
review and member checks as I continued the analysis of the data. 
The field notes contained observations of the classrooms, core meetings, and 
training. For example, after observing the teacher and students in the classroom, I 
interacted with the students as they worked on class projects. I asked them to 
explain what they were doing, what they were learning, and how this was different 
from previous experiences in math classrooms. The first reading of the notes was to 
get an understanding. In the observations notebook, two different highlighter colors 
were used in order to distinguish between factual information and interpretations. 
Highlighting notes in the two different colors did not begin until the second reading. 
During the third reading, I penciled how the entry supported the components of the 
ICALT model in the margins. Then, I compared the transcripts with the field notes to 
triangulate the data sources. I looked for at least three entries that supported a 
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particular response in the categories. For example, the collaboration from the above 
discussion was supported by at least three data sources. In the interviews, the 
teachers commented about how the students' collaborating provided a richer 
learning envi~onment. Prior to their training, they believed students' learning was 
done in isolation. Also, the students' focus group transcripts showed that the 
students believed their teachers' approach to the classroom changed as the 
students were allowed to collaborate on projects. This was also noted during 
observations of the interactions between the students and their peers and between 
the students and the teacher during class. After examining these data sources, I 
concluded that the teachers' beliefs about how students learn in collaboration versus 
isolation provided a description of how the teachers felt about the changes in their 
classrooms and how their students learn. In this instance, the teachers' perception of 
students' learning changed as the teachers included more collaboration in the 
classroom activities. 
Another data sources were the artifacts collected and initially labeled at the 
top of each document with the date, time, and place of collection. If the artifact 
related directly to a component of the ICAL T model, it was also labeled with the 
corresponding component. For example, during a core group meeting, I received a 
copy of the school improvement model that NTAEA was using to guide the project. 
This model was labeled and stored with other documents supporting school 
improvement. Other artifacts, such as ICAL T meeting minutes, did not specifically 
relate to a particular component of the ICAL T model. These were read to identify 
parts of the minutes corresponding to the ICAL T model. 
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Examples of students' portfolios, another artifact, were gathered during 
observations of the classrooms and interviews with teachers. The teachers or the 
students provided additional background about the artifacts. This included the initial 
problem, problem solving techniques, and sometimes the assessment of the artifact 
by the teacher. These artifacts were initially labeled as assessment results. I further 
examined the artifacts to determine how well the students performed on the 
assessment. The teachers provided the rubric they used to assess the students' 
projects. They had received the rubric during a previous Exemplars training session, 
which I attended in summer 1998. During this training, I learned how to assess 
students' projects by attending intensive Exemplars training sessions during a 
summer professional development activity. However, even though I had access to 
several examples of students' work, I did not have enough to compare the growth of 
the students' learning. However, I believe this study provides valuable information 
regarding how the teachers went through the process of assessing students' 
learning and how the students demonstrated their thinking process to solve 
problems. 
In the core meetings, research findings were posted on the wall of the 
meeting room to inform the participants of the complexity of improving the schools 
and to support the participants in their endeavor to learn how to make the changes. 
These artifacts were used to find the supporting research for the review of the 
literature and to have an understanding of the foundation for the project. In addition, 
the teachers commented in their interviews that having an understanding of the 
research helped to create what they called a resilient learning environment. They 
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discussed how having rules of conduct posted in all the classrooms aided in 
preparing an inclusive classroom. I went back through my notes and found 
discussions on this research during a professional development activity. These 
discussion led me to gather further data on resiliency research on creating inclusive 
learning environments. 
The interview and focus group transcripts, field notes, and artifacts were 
examined and analyzed according to the components of the ICALT model. Initially, 
the transcripts and field notes were studied with supporting evidence from the 
artifacts. However, all the data sources provided detailed descriptions of the setting 
for this study. 
Validity. All interviews and focus group meetings were recorded and 
transcribed to get an accurate record of the discussions. My interpretations and 
assessment of my understanding were written in the margins of the transcripts. 
However, in order to verify my understanding, I asked experts and colleagues to 
check my interpretations. The experts were the content and assessment leaders 
who provided the professional development activities and university professors. 
Colleagues were fellow graduate students, P-12 teachers in the math and 
technology field, and educational consultants. I also had the participants verify my 
understanding and interpretations of the transcripts. Another concern was the 
stripping of the context of the data. To avoid this, I will report the data in detail and in 
context of the situation. 
Moreover, I looked for discrepant data and cases that did not fit in the 
categories, which were noted when they occurred. If I found discrepant data or 
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needed a better understanding, then I compared the data to existing theories and 
review of the literature. It needs to be noted, as a participant researcher, I am 
cognizant of my biases as a researcher and have asked colleagues to review my 
interpretations in an effort to alleviate my biases. I have also noted these biases as I 
analyzed the data. 
Summary 
The purpose of this study is to use the ICAL T model as a framework to 
provide a detailed description of a situation where technology was used to support 
higher order thinking skills, and the process the school districts went through to 
assess the learning environment. By using a case study approach, the results are 
described within the context of the participants and the setting. This provides a 
detailed description of the process four middle schools of four different school 
districts within an Iowa area education agency used to implement math standards in 
a technology-rich environment. Results from this study will provide valuable 
information for educators interested in the effects of technology on students' 
learning. 
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CHAPTER 4. RESULTS 
In 1996 Northern Trails Area Education Agency (NTAEA) began to implement 
a change in the middle school math programs in eighteen different school districts. 
The project's objective was to develop a mathematical and technology-rich learning 
environment for middle school students. The framework created by the project put in 
motion a whole school improvement process that addressed the whole school and 
not a portion of it. In order to create the learning environment, changes were made 
in classroom practice, assessment, the role of teachers and students, curriculum, 
and the overall approach to schooling as math standards were implemented. This 
chapter is organized by presenting the themes according to the ICAL T model. After 
each theme, results will be summarized. 
For the project, a core of math teachers was chosen to initiate the 
transformation of the middle schools. For this study, four middle schools were visited 
and nine classrooms observed with six teachers volunteering to be interviewed. The 
results are structured according to the ICAL T model. The function of the ICAL T 
model is to visually represent an approach to the assessment of learning using 
technology. To guide this approach, critical elements and processes were identified. 
First, the three fundamental elements of the ICAL T model are presented. These 
elements are school improvement, technology, and research. The basis or premise 
of the project was to improve the schools by examining the big picture of how 
students learn in a technology-rich environment. In the graphic model, school 
improvement encompasses the whole process of assessment as illustrated by the 
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umbrella. Next, within the technology-rich environment, the assessment of student 
learning is not about assessing technology, but the assessment of the process of 
using technology. The monitor fades into the background and represents how 
technology supports the assessment process in the model. The last foundational 
element, research, provides the participants with an understanding of how others 
had approached assessing students' learning and a background of how to apply this 
knowledge to their situation. The research is represented in the model by the 
shadows of columns of text. 
Technology and research are visually represented in the ICAL T model as 
supporting elements with the school improvement umbrella being in the forefront of 
the graphic. School improvement covers the three internal processes: development, 
systems, and assessment. These internal processes are presented after the 
foundational elements and are critical elements of ICAL T's assessment model. 
Development is the first process to be discussed and includes both curriculum and 
professional developments. In the project the participants participated in workshops 
and training sessions to improve their teaching and to understand changes in the 
math curriculum. Next, systems process element is presented that includes 
teachers' beliefs, support, and resources. In this process, the teachers examined 
their beliefs, sought out informal and formal support structures, and explored 
resources in order to improve their approach to teaching. The last process to be 
presented is the target of the model, assessment. As previously mentioned, the 
model functions as a framework to assess learning with technology. The training and 
support received by the teachers enabled them to change their assessment 
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practices. This included focusing on developing students' higher order thinking skills. 
In addition, the findings of the assessment process are used to initiate school 
improvement efforts (Thompson, et al, 2000). 
School improvement 
The data sources for school improvement included artifacts from workshops 
and training sessions, interviews with AEA personnel, and interviews and 
observations of teachers. From one of the core meetings, an Iowa Department of 
Education officer discussed the passage of the Accountability Law in 1999. This 
piece of legislation mandated development and implementation of comprehensive 
school improvement plans that included the use of multiple assessment measures in 
determining student achievement levels (including standardized testing and 
authentic assessment). Most states have passed similar legislation in order to 
. determine and to ensure appropriate student achievement levels. However, in the 
State of Iowa, the Department of Education does not mandate the use of a uniform 
set of standards. The state has a history of empowering the local school districts in 
determining their own course of action based on their local decision-making policies. 
By not infringing on the school districts' local decision-making power, the 
Accountability Law does not specifically state the measurement tool or the standard 
of measurement. Therefore, the school districts are to determine the standards and 
tools and report their findings to the state. 
In addition to the comprehensive school improvement plans, the school 
districts had previously received state money to integrate a technology plan into their 
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school improvement. The technology plans included purchasing of hardware and 
software and the training of teachers. This money was provided to the participating 
school districts in addition to normal funding formulas and was distributed according 
to student enrollment. The area education agencies, located throughout the state, 
were charged with overseeing the process of supporting and guiding the schools in 
the development and implementation of both the comprehensive school 
improvement plans and technology plans. 
However, with the increased use of technology and the expectations of the 
passage of the Accountability Law, the school district personnel were faced with new 
external interests. These interests formed a complex and integral community of 
stakeholders who were interested in the effect of using technology in the classroom 
and the growing spotlight on the expectation of rising scores in student achievement. 
Local constituents had been interested in the success of their schools; however, the 
addition of more diverse stakeholders and their degree of expectations for 
performance with money as an incentive was new to the districts. 
In addition to the presentation of the Accountability Law at the core group 
meeting, the participants were shown Table 1, which illustrates the relationship 
between student achievement and the stakeholders. Table 8 which follows describes 
the reporting of student achievement data with the interested stakeholders. 
In Table 8, the time column depicts when the assessment would be 
performed. The next column, audience, indicates to whom the data is being 
reported. The third column lists what assessment procedure that will be used while 
the last column states the purpose of the procedure. 
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Teachers ------- Standards and ----T----i-- Instruction 
Students-++----+--- Benchmarks ___ _,,_--+_Feedback 
At the bottom of the triangle, authentic assessment strategies with emphasis on real-
life problem solving and the development of portfolios are used. In the middle, the 
assessment involves a combination of portfolios and standardized test scores. The 
top of the triangle focuses on standardized tests. At each level, there is a mixture of 
assessments, but the audience and the purpose would vary. [This was discussed on 
Exemplar Training Day 2, June 22, 1999.] 
The standards, as indicated in the above table, were based on the NCTM 
standards. Teachers were provided with an artifact developed by Mid-Continent 
Regional Education Laboratory to illustrate the correlation of math standards among 
several overseeing organizations: NCTM: Curriculum and Evaluation Standards for 
Math; Project 2061: Benchmarks for Science Literacy; International Baccalaureate 
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Math: Middle and High; NAEP: Mathematics Assessment Framework; and New 
Standards: Elementary, Middle, and High (Core Leader Training, 1/30/1999). 
These artifacts, gathered during the study, helped the participants in setting 
the stage for the upcoming changes in their schoo_I districts and provided them with 
details pertaining to the school improvement process. Along with these artifacts, the 
participants were continually exposed to the objectives of the project, improving 
schools. At every professional development meeting, the school improvement 
model, as discussed previously, was displayed on an overhead projector to remind 
the participants of the goal of the process. The ultimate goal was to create an 
engaging curriculum within a caring environment to promote student achievement. 
Although the initial project objectives were to be implemented in middle schools, 
eventually the objective was to transform the whole school. 
In summary, the participants viewed school improvement as the overall goal 
of the project. The mandates by the legislators on comprehensive school 
improvement plans and the inclusion of technology plans provided the initiative to 
change assessment and classroom practices. However, the teachers informally 
questioned how these initiatives affected them in the classroom. In response, the 
AEA personnel presented an approach to school improvement, as discussed in the 
literature and described the implementation of multiple types of assessments in a 
standards-based assessment approach. By understanding how to inform each 
stakeholder of the status of student achievement within the structure of the 
community, the result was the reporting of the status of the improvement of the 
school. 
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The participants were exposed to the use of technology when they discussed 
the inclusion of technology plans in the comprehensive school improvement plans. 
The technology plans documented types of hardware and software, the degree of 
usage, maintenance and training. The AEA personnel, as with the school 
improvement, focused on personalizing technology with the teachers. At the start of 
this project, the degree of technology usage varied from school to school with the 
availability of technology and the comfort level of the teacher being the important 
factors that determined the degree of use. Therefore, the participants of the study 
first learned how to use technology that was obtained through both previous state 
funding and the project's funding. 
Technology 
The data sources for technology came from classroom observations, 
technology and assessment training sessions, interviews with teachers and AEA 
personnel, and teacher and students focus groups. By visiting each teacher in his or 
her classroom setting, I observed that each classroom had a telephone and an 
Internet-ready computer with a scanner and a printer. For the students, at least two 
computers in the classroom with additional access to computer labs were provided. 
The computers had CD-Rom drives in order to run the Exemplars curriculum and 
other software packages. Another technology, graphing calculators, were used by all 
but one of the classrooms. One of the sixth grade classes had access but had not 
managed to fit the calculators into the curriculum. Each teacher had access to a 
laser disk player in order to use Jasper Woodbury curriculum. 
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By having access to and utilizing technology, the teachers examined ways to 
empower all their students to learn with the support of technology. However, they 
found it difficult at times to see how technology fit in the curriculum and in their 
current teaching method. For example, at first they could not see how to use 
graphing calculators with younger students especially since their curriculum that 
relied on hand computation. Part of the task was changing the mindset that 
calculators only do simple computation. One teacher noted in her interview that 
graphing calculators might help in the process of introducing algebra concepts to 
students earlier. She noted that "calculators make it easier and finding the intercept 
came a lot faster with the graphing calculator." (Wilma, May 20, 1999). However, 
most of the discussions with the teachers focused on the difficulty of figuring out a 
way to use graphing calculators. 
Moreover, the concern was not only with knowing how to use technology but 
also how to get access to it. Some of the teachers had to share technology such as 
the laser disk player. They wheeled the player back and forth. This required 
coordination of scheduling and timing of activities. When the teachers did use 
technology, they initially did not permit time for the students to further explore all the 
capabilities of the technology. For example, during my interview with Jenny, she said 
that she had used graphing calculators before to figure statistics for the Winter 
Olympics. All of her students had opportunity to turn calculators on and off. 
However, she did not use the technology to the full capacity. The graphing part was 
at first difficult for the students to comprehend. After further discussions, it appeared 
that the technology might have been more foreign to the teachers than to the 
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students. Some of the students disclosed to me that they had their own graphing 
calculator at home and knew more about the technology than their teachers. I asked 
the teachers about the students' access to technology outside of the classroom. 
They were not surprised that the students had more opportunities to learn about 
technology than they did. 
Another concern voiced by the teachers was that they did not know what it 
meant to learn with technology. The biggest concern was the lack of modeling or 
visualization of what it looks like to teach and learn with technology. Karen 
suggested more teaching resources with videos showing teachers using technology. 
Also, the teachers suggested in their focus groups that they wanted more 
opportunities to practice and more training sessions for themselves. Even with their 
apprehension concerning technology, the teachers still wanted to learn. They 
considered themselves novices who were going to muddle through it together. With 
their muddling, they discovered a larger community of learners who provided support 
and resources for their learning with technology (Core Leader Training, January 30, 
1999). Lynn stated in her interview that it was not unusual for a group of teachers to 
check out a piece of equipment and take it to one of their homes. They worked 
together to learn how to operate the equipment. 
During a focus group, the teachers expressed their belief that they Would 
eventually welcome students as helpers when using the technology. They also said 
that they needed to get over their initial fear of using it prior to facing students in the 
learning process. They viewed the inclusion of students as a method to support the 
learning environment. For example, students may explain the expectation or 
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demonstrate the use of technology better to another student versus the teacher. The 
teachers did not view this as a threat to their teaching because they were beginning 
to view the learning community differently. Control of teaching shifted as they 
realized that they did not need to be the sole source of knowledge in the classroom 
and could possibly not know how to do something and be participants in the learning 
process. 
The teachers experienced using technology to support a learning 
environment. Initially, they were not sure of what learning with technology meant and 
what it looked like. By exploring the topic together, they were able to see the value of 
using technology to support their teaching, students' learning, and the curriculum. 
The students experienced math problems beyond a textual format and were able to 
communicate they answers beyond the written word. The teachers stated that their 
students produced more meaningful work of better quality, were more involved in 
their learning, and collaborated more with their peers as a result of the technology-
rich learning environment. Moreover, the majority of the teachers found the 
technology to be more fun, it helped for future work, and students relating to 
characters in the software and communicating their answers differently. 
In summary, the teachers at first found it difficult to fit technology into their 
curriculum and their current methods of teaching. They initially did not see the value 
of using technology beyond basic computation. This could have been the result of 
being uncomfortable with technology, perceiving a lack of support when using 
technology, and having difficulty in finding role models for using technology beyond 
basic skills. It was not until the teachers reached out to others for support and 
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received training and resources during professional development activities that they 
viewed technology as a means to support higher order thinking skills. The 
introduction to technology instigated the teachers to examine their current practices. 
Along with technology, teachers were unsure of the value of the research. 
The project coordinators from NTAEA wanted to ground the developing framework 
and emerging foundation for the project within a research paradigm. NTAEA staff 
believed that changes in schools might not be sustained without describing the 
magnitude of the whole picture to the school personnel. Research findings were 
used to provide reasoning for taking action and to present others' understandings, 
successes, and failures. For example, school personnel were introduced to new 
concepts of standards-based curriculum and authentic-based assessment. In 
addition, they believed they were being placed under a microscope as diverse 
stakeholders scrutinized their students' achievements. Therefore, it was decided by 
the project coordinators to frame the school improvement within the research that 
already existed and to aid teachers in becoming reflective and active research 
practitioners. 
Research 
The data sources for research included artifacts from professional 
development activities, interviews with AEA personnel and teachers, and 
observations of activities and school visits. At one of the professional development 
meetings, the teachers were presented with the big picture of creating a standards-
based classroom where all students have opportunities to learn. During this meeting, 
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the AEA personnel posted on three of the four walls summaries of research findings 
and handed out summaries of research studies. According to the teachers, they read 
the research and tried to pull out findings that they could apply in practical situations 
within a standards-based classroom. However, they were concerned on the 
interpretations of the research. For example, the Third International Mathematics 
and Science Study (TIMMS) report and the study by Wenglinsky on the National 
Assessment of Educational Progress (NAEP) were used to discuss the magnitude of 
weaknesses in the current math programs as demonstrated by student achievement 
scores. During a core group meeting, the teachers were having difficulty in 
personalizing these findings. By asking questions and clarifying interpretations, the 
teachers were able to begin a discussion on the variance between the descriptions 
of current math programs versus the reality in their classrooms. By discussing the 
findings, the teachers were encouraged to develop a community based on 
disciplined inquiry. From their discussions of the research, the teachers found 
practical applications for the research including the physical layout of their 
classroom, student-to-student interactions, inclusion of all learners, and authentic 
assessment. 
For example, the teachers initially applied their knowledge of research by 
examining the practical movement and physical layout of their classroom. During a 
focus group, they examined the application of resiliency research in teaching and 
learning in their classrooms. They recognized that their classrooms were physically 
planned to support teacher-directed strategies. This awareness turned the 
discussions focus on the ideological pursuit of a different way of approaching 
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teaching and learning. The teachers decided to change the physical layout of 
classrooms from rows to grouping the chairs in order to support collaboration in 
smaller groups. They believed by having the ability to move the chairs enabled them 
to change their current teaching practices. 
By investigating social technology research, the teachers discussed the 
interactions among students and the inclusion of all students in the learning process. 
By understanding individual students, teachers were able to determine and design 
the best method for the student to learn. In order to capitalize on interactions and . 
inclusion, socially negotiated ground rules were established. These rules were 
posted in all the classrooms. In addition, by moving the chairs into a circular 
configuration, students could participate more in discussions, which might lead to 
empowerment by having a voice in the learning environment (Core Leader Meeting, 
January 30, 1999). The goal was to create a caring community with emphasis on 
resilient learners. In this setting, the learners would be socially competent, have well-
developed problem solving skills, have the ability to act independently, and have a 
sense of purpose (North Central Regional Educational Laboratory, 2001 c). Initially 
the teachers were challenged by having to conceptualize how students' learn in 
collaborative setting versus in isolation and to adjust their roles in the process. 
AEA personnel examined the findings of the TIMMS and NAEP studies. 
Based on these findings, it was determined that the project would focus on realistic 
problem solving and authentic assessment tasks. These studies were introduced to 
the core group during a professional development activity and provided a foundation 
for the curriculum and assessment changes. TIMMS, according to Core Leader 
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Training, was unfocused curriculum that covered too much material while the 
assessment piece was poorly written. According to the TIMMS study, assessment at 
the fourth grade left United States overall ranked eighth; eighth grade ranked at 28th 
worldwide among industrialized nations. Even though this particular study has been 
used as a catalyst for change in mathematical education, the dilemma was the 
interpretation of whether more was better or was there a .need for a better and 
deeper understanding of math by asking how and why. While TIMMS demonstrated 
the weakness of math education, NAEP examined how wrapping math around 
technology by using simulations and real-life problem solving activities could 
improve ·math skills (Core Leader Training, March 26, 1999). 
What emerged from examining these studies was the teachers' 
understanding of how their students might achieve math power. The intent was for 
students to gain with the ability to explore, conjecture, reason logically, and to 
communicate the appropriate NCTM goal. By making their classrooms more active 
with more emphasis on student-to-student interaction, challenging problem solving, 
and a higher order thinking skills curriculum, the teachers were able to personalize 
the research as they explored their classroom practices. This classroom looked and 
felt different. What appeared to be a noisy classroom was referred to by one of the 
teachers in the project as "organized chaos" (Rita, May 17, 1999). 
In summary, the project coordinators believed that research gave structure 
and understanding to teachers and project personnel as they embarked on changing 
the middle school math programs. In addition, by understanding research, the 
teachers could embrace the expected action of improving their practice and possibly 
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develop their own research practices. However, the teachers were concerned on 
how to apply the research findings to their classrooms and on the interpretation of 
the research. Looking at research to find new methods to enhance their classrooms 
was a new experience for the teachers. Change had previously been an individual 
decision. 
The above description provides a foundation of the three pillars of the ICAL T 
model of school improvement, technology, and research. 
Development 
The following describes the internal processes that, visually, are on the model 
graphic near the spiral helix, which represents the dynamic and evolving nature of 
the model (ICAL T, June 11, 1999). The first internal process to be discussed is 
development. In the ICAL T model, development is described as both curriculum and 
professional. Both developments are linked together as teachers learn to use 
technology to support students' learning using the curriculum. Curriculum 
development consists of materials, techniques, and application of curriculum for 
students' learning. While professional development is the process of empowering 
teachers in developing, monitoring, and researching their own development. 
Curriculum development 
Data sources for curriculum development came from interviews with teachers 
and AEA personnel, artifacts from development activities, and focus groups. In their 
training, teachers discussed extensively how to find existing curriculum that focused 
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on problem solving, student-centered activities, realistic examples, content 
standards and multiple assessment strategies that were accessible, and not cost 
prohibitive. Initially, teachers were concerned about finding materials and almost felt 
compelled to write their own. However, they were overwhelmed with the idea of 
trying to create materials along with implementing change in their classrooms 
By finding curriculum that focused on the above stated attributes, the 
teachers began to look at teaching differently. Karen stated that by choosing 
curriculum that "focusing on more concepts rather than on more "drill and kill" may 
help students as they go to the next grade level. She also said that "if the curriculum 
is not working, then try something different. It is a painstakingly slow process, but 
there are rewards (Karen, May 18, 1998). Even with the challenge of changing their 
curriculum, the teachers began to value the "difference between knowing students' 
strengths and weaknesses and knowing content strength and weakness" (Sally, May 
19, 1999). 
Interviews with teachers indicated the teachers wanted their students to 
blossom into learners within a math environment, which was different from their 
previous goal of just preparing math learners. Their students noticed the difference . 
and one student commented on this during a focus group. The student believed the 
teachers wanted to create a community of learners where students could bounce 
ideas off others without being embarrassed (7th Grade Student, May 20, 1999). 
Several students enjoyed the real-life examples and the variety of tasks in the new 
curriculum and stated that they liked math better (ih grade student, May 17, 1999; 
8th grade student, May 17, 1999; 5th grade student, May 19, 1999; 8th grade student, 
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May 20, 1999). In addition, the students had a more positive experience in their 
math classes and were motivated to meet the higher expectations of their teachers. 
The students especially enjoyed the challenge of the authentic tasks found in the 
Exemplars. 
One of the training sessions focused on managing the teachers' time and 
frustration while adapting curriculum to meet their needs. With the Exemplars 
training, the teachers began to understand how to develop curriculum by setting up 
the problem, facilitating students' learning, and assessing the results. For some, the 
Exemplars training opened doors to their own creativity. Even their students became 
involved by bringing to class problems that they and their parents developed. For 
example, one student brought the following problem to school: 
"My dad is looking at buying his seed for the back 40 acres. How much seed 
should he buy in order to get the best crop?" (8th grade student, May 20, 
1999). 
The students appeared to feel a greater sense of pride as I observed their actions. 
During a focus group, they told me that they wanted to participate more in their own 
learning and planned to continue bringing problems to school that complemented the 
curriculum. Moreover, the real-life problems made sense to them, and the students 
could personalize their answers with context and reasoning. 
For example, the teachers used the Jasper Series that was created by 
Cognition and Technology Group at Vanderbilt. This curriculum was based on 
embedding "generative learning" in rich meaningful contexts. The series is based on 
using video to portray realistic narratives as extensions of "what if' thinking by 
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blending cross-curricular learning (Cognition and Technology Group, 1992). The 
technology to view the video-based curriculum was a laser disc player although 
some the series today have been produced using CDs. The theoretical framework 
for the series is based on constructivist learning where students construct 
knowledge through the development of symbolic and physical models, problem 
solving strategies, reasoning, in-depth exploration, and series of assessments and 
revisions. Teachers found Jasper to fit well into their classrooms and it validated 
real-life experiences during math period (Jenny, May 18, 1998). 
To keep up with the students, teachers had to explore using techniques of 
teaching that they had not used before. They felt the need to keep ahead of their 
students, and eventually, to keep the spark of enthusiasm going. The teachers 
looked at changing the process of implementing the daily classroom activities. Some 
teachers from the focus group felt that they either sank or swam when using new 
curriculum such as the Jasper Series. They did admit during the focus group that 
they were bored with using the textbook and practice sheets and often used several 
curriculum sources to reinforce a concept. When interviewed, one teacher noted: 
"When this project came along, the light bulb lit up. It kind of validated what we were 
doing and challenged our kids at a higher level. You do not have to be the sage on 
the stage but the guide on the side. It's never boring and each year we are trying to 
do more" (Lynn, May 18, 1998). 
In summary, the teachers felt overwhelmed with the prospects of changing 
the curriculum. The challenge of finding appropriate materials that met all their 
needs for creating a learning environment that focused on higher order thinking skills 
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seemed to be a daunting task. With the help of AEA personnel and several 
development activities, the teachers became more comfortable with the idea of using 
more than one resource and trying others. Previously, their idea of using curriculum 
had been based on a textbook. After examining other forms of curriculum, they 
found the textbook not to be the only source of information but as one of multiple 
resources the students could use. The changes the teachers experienced were 
rewarded as they began to see more students enjoying math. 
The teachers found that they approached math as a whole instead of in 
pieces (Sally, May 19, 1999). This change in outlook was supported by both 
curriculum and professional development. Professional development helped 
teachers find new resources, become more comfortable in making changes, let go of 
the textbook as the main source of teaching, and rekindle their desire to be a learner 
and a teacher. One teacher during an interview noted that she sometimes feels like 
a new teacher who no longer has to have a textbook but has learned to put it away 
and try some things (Jenny, May 18, 1998). However, the textbook is an integral part 
of teaching, and it may be difficult to change teachers' understanding and practices 
of teaching as new curriculum is implemented. In addition, the teachers noted that it 
takes a lot of time to learn new methods, find additional resources, collaborate with 




Data sources for professional development included teacher interviews, focus 
groups, observations, and artifacts from activities. During one of the professional 
development activities, AEA personnel told me that the purpose of professional 
development was to focus on the student learning outcomes in addition to 
instructional needs. Initially, the Core Leaders had eleven days the first year and 
eight intensive days during the summer for curriculum exploration and professional 
development. In order to monitor the changes adopted by the teachers, the project 
adopted the Concerns-Based Adoption Model (CBAM) to guide their professional 
development activities. This model was discussed previously in the literature review. 
The core leaders were introduced to this model during the initial stages of training 
and throughout the project. During one of the training sessions, I gathered an artifact 
that described the CBAM within the context of mathematics education. The following 
table is a result of that artifact. 
Table 9. Stages of concern related to teachers' comments on mathematics 
education 
Stages of Concern Teachers' Comments on Mathematics 
Stage 6: Refocusing I believe I can help the school district in implementing 
the new math standards. 
Stage 5: Collaboration Wouldn't it be better if our grade level team planned 
our math instruction together? 
Stage 4: Consequence Is all this effort really making a difference for my 
students? 
Stage 3: Management How do I use these materials? Why is this taking so 
much time to plan? 
Stage 2: Personal Do I know enough math to teach this way? 
Stage 1: Informational What does this look like to teach with technology? 
Stage 0: Awareness What math standards? 
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This model, described in the literature, is based on the process of change and not 
the event. The AEA personnel used the stages of concerns as a process to focus on 
the affective progress of the intended adopter during implementation. The intended 
adopters are the teachers. Therefore, by understanding the progress of the teachers 
as they implemented change in their development, the AEA personnel could monitor 
the concerns of the teachers during the implementation of the change in their middle 
school math classroom. For example, teachers in Stage Two prepared themselves 
to use the innovation for the first time. They questioned whether or not they knew 
enough mathematics in order to teach. In order to support the development of the 
teachers and to address their concerns, AEA personnel determined that the 
professional development activities needed to be implemented to scaffold 
participants through the stages of concern. The table below illustrates some of the 
goals of the activities according to the stages of concern. 
Table 10. Stages of concern and professional development activities 
Stages of Concern Professional Development Strategies 
Stage 6: Refocusing Respect and encourage teachers. Accept that they 
may replace or modify existing frameworks. 
Stage 5: Collaboration Bring people together. Encourage collaboration. 
Stage 4: Consequence Provide teachers with positive feedback, needed 
support, and opportunities to share. 
Stage 3: Management Focus on specific area for change. Answer specific 
"how to" questions. 
Stage 2: Personal Address personal concerns directly. Implement 
changes progressively over time. 
Stage 1: Informational Provide clear and accurate information. Use a 
variety of ways to share information. 
Stage 0: Awareness Involve teachers in discussion and decisions. Give 
permission not to know. 
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The AEA personnel, at Stage 0, implemented activities that actively involved 
teachers in the decisions and gave them permission not to know how to implement 
change. At each stage, it was vital to include the teachers and to support them as 
they progressed through their concerns. For this project, teachers were at different 
stages according to their experiences and concerns. During my interviews with the 
teachers and observations of the project over a period of time, I noted the teachers' 
reflections as they voiced their concerns and became more aware of changes in 
their teaching and in their daily activities with their students (see Table 11 ). 
The growth for each individual was different when compared to each stage. 
Some teachers refocused their concerns on helping others while some teachers 
focused on how they could stay ahead of their students. However, it should be noted 
that each teacher started at a different point, and all were in the process of 
progressing in their development. For example, one teacher did not consider herself 
a math teacher while another teacher found herself blossoming as a leader in the 
school district. For these teachers, professional development activities provided 
opportunities for the participants to reach their potential and to strive to become their 
best. In addition, they contributed their success in creating a different learning 
environment for all students participating in professional development activities, 
practicing what they learned, and sharing and collaborating with their peers. One 
teacher, during an interview, noted that the best advice for was to dive in and try it 
by taking ownership and accommodating when necessary. This teacher believed 
that trying new things aided her in becoming a better teacher and a better leader in 
the school district (Sally, May 19, 1999). 
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Table 11. Stages of concern with teachers' comments 
Stages of Concern Teachers' Comments 
Stage 6 "I don't need to do Exemplar training again since I have 
Refocusing been through it before. I just want to brush up on it and learn 
more ways to incorporate it. Maybe I can help my school get 
better and support the new staff in the training. I can see 
myself becoming more of a leader in implementing this 
project" (Sally, May 19, 1999). 
Stage 5 "I think the math team is the only one who functions as a 
Collaboration team because of this project. With a study group went 
through the standards ... had good discussions ... got a lot 
closer to those people" (Lynn, May 18, 1998). "Maybe not in 
terms of content but maybe more in terms of sit down with 
other people. What worked and what didn't. They may have 
more ideas. Maybe a more coming together. Think this is 
one of the nice things with the grant. It gets us all back 
together" and "They have done Jasper Woodbury which 
helps their kids which helps mine ... what they don't get 
finished comes up to my level. .. helping each other out" 
(Jenny, May 18, 1998). 
Stage 4 I was her guinea pig this morning ... try it from scratch ... I 
Consequence found several mistakes that is the joy of teaming (Lynn, May 
18, 1998). Teaching ... you do mistakes and when you find 
them out you want to get on the PA and tell everybody to 
come back (Karen, May 18, 1998). 
Stage 3 "Curriculum looks 100% better. Teaching methods different. 
Management Go about it at a different way (Karen, May 18, 1998). 
Stage 2 "I seem to be one step ahead of the kids. I tell them up front 
Personal that I am learning from them. You have to be honest. Kids 
see through you" Wilma, May 20, 1999). 
Stage 1 "Algebra followed the book letter for letter was really bored 
Informational and students were bored. I had to ask for help because I 
couldn't figure out the answers. Started looking for things to 
do" (Wilma, May 20, 1999). 
Stage 0 "I am a science teacher. Math just got added to it" (Wilma, 
Awareness May 20, 1999). 
In summary, professional development was an important part of the process 
of implementing change in the middle school math program. The AEA personnel 
planned and gathered data continuously in order for the teachers to experience and 
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to personalize the professional development activities. One tool the AEA personnel 
used was monitoring the concerns of the teachers and using this information to 
scaffold the teachers during activities. The teachers found the professional 
development activities a valuable experience in order to gain the knowledge and 
confidence needed to change their approach to teaching and learning. They also 
began to establish support structures among the teachers in their buildings and 
between school districts. 
Curriculum and professional development are intertwined. From this project, 
the teachers often noted that there was a fine line between the two. By changing 
one, they changed the other as well. The teachers learned how to teach in a 
standards-based classroom by learning how to use technology to support the 
implementation of curriculum. By finding support in other teachers and changing 
their beliefs of teaching and learning, the teachers became aware of the possibilities 
as they explored their new environment. 
Support, beliefs, and resources are under the next internal process, systems. 
Many of the teachers during interviews and observations of their classroom stated 
that once they were involved in changing the curriculum and their own teaching, they 
looked for support and other resources. During this process, their beliefs about 
teaching and learning were at times challenged and at other times reinforced. 
Systems 
Teacher beliefs, support, and resources can determine how teachers choose 
to use technology and whether or not they continue to use it. If teachers believe in it, 
• 
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they will use it. If they view they have support, they will continue to use it. When they 
become more comfortable with it, they will find more creative ways to use it in the 
classroom. 
Teachers' beliefs 
Data sources for teachers' beliefs came from teacher interviews and focus 
groups, observations, and artifacts from the classroom visits. During a professional 
development activity, teachers shared with me how amazed they were regarding 
how much their expectations and perceptions had changed since the introduction to 
the NTAEA's project one year earlier. Based on experience, expectation, and 
perception, the teachers had developed a routine of teaching and a certain 
expectation of what should happen in the classroom. During a focus group, they 
shared as their comfort level with technology increased that they expected more out 
of their students. This was remarkably different from their previous expectations of 
only a few students would learn. 
With this new perspective, they found their students' expectations regarding 
learning changed. By raising the bar, teachers found their students tried hard to 
achieve the higher expectations and were not deterred when they did not meet the 
expected performance. Rita found that her students were meeting the demand even 
though at times it was more challenging. Sally found as she removed herself from 
the center of teaching, her students started to use each other as resources. 
Moreover, Sally noted that solutions got better each time as the students progressed 
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from start to finish (Sally, May 19, 1999). Rita also stated: "You have to see the 
action in the class to believe it" (Rita, 5.17/99). 
There was a sense of pride as the teachers shared their stories with other 
teachers from larger and more endowed technological schools. They knew they 
were doing something different and exciting, but it was not until it was reinforced with 
their sharing with others that they understood their accomplishments. One teacher 
was gloating to her son (college student in math) that her students were doing more 
with technology and math than his professors were. Along with their feelings of 
accomplishment regarding the use of technology, the teachers found themselves 
encouraging their ~tudents to share and talk with each other: 
"I like them talking with each other ... some kids have never talked to each 
other. Now they are talking and listening to each other and respecting each 
other" (Jenny, May 18, 1998). 
One of the students noted that they shared information and worked collaboratively in 
order to make sure everybody got it (6th Grade Student, May 18, 1998). The 
teachers were observing more interaction amongst their students. One teacher 
noted that a teacher had to have a certain comfort level in his or her teaching ability 
in order to surrender control of the classroom to the students. According to Jenny, 
"Sometimes it is just the leap of faith, then you have to look at the output. End result 
is just great. Yea ... maybe your room is noisy for 42 minutes, but what are you 
getting from the process" (Jenny, May 18, 1998). The teachers were aware changes 
in their beliefs regarding how to run a classroom. During a focus group, the teachers 
shared that they looked critically at the interactions in the classroom as they 
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implemented new standards, varied instructional strategies to support student-
centered learning, and utilized multiple assessments that were different from what 
they had used previously. This was something new as they reflected on their 
changes with their peers. Jenny noted that the sharing of ideas, support for each 
other in the process, and collaborative on activities had been key to her growth as a 
professional and the change in her teaching beliefs (Jenny, May 18, 1998). 
In summary, the teachers began to change their beliefs about teaching and 
learning as they experienced the rewards resulting from changing their approach to 
their classroom and their students. They became more comfortable with using 
technology, empowered the students to become more responsible for their own 
learning, and conveyed higher expectation for the students. The students reinforced 
the teachers' expectations by trying to strive to meet the new expectations. As a 
result their current level of practice changed. 
By supporting the process, participants believed they were better able to 
explore and to experience changes in the classroom, in their students, and in 
themselves. Furthermore, with support, teachers may continue and sustain the 
changes. 
Support 
Data sources for support included teachers' interviews and focus groups, 
administrators' interviews, observations, and artifacts from the classroom. During a 
focus group, the teache·rs articulated three desired areas of support: administration, 
other teachers, and students' parents. With the changes experienced by the 
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participants, there were initial fears that they might fail and would not be able to 
recover from their mistakes. Having the knowledge that there was support could 
create a safer environment for the teachers to take more risks. However, along with 
the support, there could be more scrutiny in the process. 
Teachers felt camaraderie with their peers as they discussed the above 
topics. They sought support from other teachers and reveled in the opportunities to 
share notes. However, when the administrators demonstrated support, the teachers 
felt a sense of security or a safety net with the knowledge that their building 
principals valued what they were doing (Exemplar Training Day 3, June 23, 1999). 
The support was often nonverbally conveyed to the teachers; however, one 
administrator said that she was proud of the change one of her teachers had made 
as a result of her participation. This administrator was proud of the strides this 
teacher had taken to take ownership of her own learning and to pass on to her 
students a sense of inclusion in the learning process (Administrator, May 17, 1999). 
This particular teacher reflected on her accomplishments by commenting that she 
was making a difference in her students' thinking and in their confidence level (Rita, 
May 17, 1999). 
Although she had support by her administrator, one teacher noted that she 
felt lonely as the only algebra teacher in the building. Without having someone to 
converse with in the building, she found it difficult to implement the needed 
curriculum changes. She did find the core group meetings and training sessions 
helpful because it was a place she could talk "shop" with other people: 
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"I am in a small school district. The closest teacher teaching algebra is in the 
next town of the school district. I enjoy talking with other teachers at these 
meetings in order to get tips on how to do something and to find other things I 
can do with my students. My students are going home at night and coming 
the next day with their own Exemplars problems. They really have gotten into 
active lef:irning" (Wilma, May 20, 1999). 
In addition to administrators and other teachers, the teachers commented 
that parents appeared to be silent partners in the changes. But some of the teachers 
noted, even though the parents did not say much during the school year, the parents 
shared stories with the teachers during parent/teacher conferences. One parent 
talked about how he remembered a problem that his child had brought home. He felt 
it was so realistic that he wished he had learned math that way. Parents in Wilma's 
school often sent problems to school for the students to solve as noted previously. 
In summary, the support from other teachers, administration, students, and 
parents was evident in the comments of the teachers in this study. They realized that 
the larger more caring community was there to support them. With this realization, 
the teachers became more involved in the process. 
The teachers showed a sense of pride and ownership in their endeavors to 
create a more student-centered learning environment for all students. They 
articulated this pride to their students in thanking them for sharing the responsibility 
of learning and showing their students how to gather resources to learn. The 
teachers believed that their teaching strength was their ability to demonstrate and 
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instruct to their students how to accumulate resources in order to aid in their 
learning. Teachers found valued resources in people, ideas, and things. 
Resources 
Data sources included teacher interviews, observations of classrooms, 
student focus groups, and artifacts from the classroom. During all the teacher 
interviews and focus groups, they shared that the textbook was the main resource 
for their teaching. However, with the additional training on standards, technology, 
and assessment, teachers found their instruction changed with the use of expanded 
resources. They shared this knowledge with their students by teaching them how to 
use resources to problem solve, reason, communicate, and compute. The students 
viewed using these resources to be more informative and useful as compared to 
worksheets, textbooks, and teaching manuals. What the teachers thought would be 
boring to others resulted in being more exciting and enticing for the learning 
environment. Sally noted that her students shared their resources with other 
students and the success of the sharing rippled to other people. Hence, she believed 
her students began to view math differently (Sally, May 19, 1999). 
When students were asked how they came to their answers, they talked 
about their process of thinking and what resources they used. The students even 
commented that their textbooks were now viewed more as a resource than a 
teaching tool. The expert shifted from the textbook authors to the students' ability to 
problem solve and to find solutions by finding and using several resources. When 
they described their resources, they also included people. To them, people added a 
81 
dimension of self-check and an opportunity to think about problems aloud, plan for a 
solution, communicate the solution, and reflect on the process. Therefore, their pool 
of resources expanded beyond the teacher to include other students. They also 
found a new resource, their parents. A sixth grade student reflected that she could 
now talk with her parents about math without freaking them out. And her parents 
found math to be more realistic (6th grade student, May 19, 1999). 
In summary, along with teachers' beliefs and support, resources provided 
teachers and the students opportunities to expand teaching and learning beyond just 
using a textbook. Although the teachers commented on the extra work in finding new 
resources, they also stated that often their students introduced them to other 
resources. The students commented on the shared task of finding and using 
resources in order to solve a task. By hunting for new resources, the students, also, 
found new methods for solving tasks by incorporating their process of thinking. The 
assessment of these tasks expanded beyond the correct answer to include a 
complete answer. By using multiple resources and sharing their process of thinking, 
the assessment piece looked differently. Instead of using worksheets, the teachers 
used complex problems and had the students explain their answers. 
In the ICAL T model, the final piece, assessment, is the "target" goal of the 
complex process. The assessment procedures take into account all the inputs of the 
model, and the findings were used to report school improvement efforts (ICAL T, 
February 18, 1999). 
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Assessment 
Data sources for assessment came from teacher interviews and focus 
groups, AEA personnel interviews, professional development activities, student 
artifacts, and observations. During a professional development activity, Ross Brewer 
stated that the purpose of assessment was to improve instruction, motivate students, 
provide feedback to the "community," increase student achievement, make learning 
processes more efficient, and provide learning opportunities (Exemplars Training 
Day 1, June 21, 1999). In addition, Brewer stated that we needed to help students to 
become better self-assessors by providing a progression of activities throughout the 
year and into the next school year. This would tie learning together within and 
between the grades (Exemplars Training Day 1, June, 21, 1999). 
The teachers in the study stated on several occasions during interviews and 
observations of their classrooms that they believed that the biggest change in their 
approach to learning was the process of assessment. They valued the opportunities 
to learn from experts such as Ross Brewer and other teachers. This is one area that 
they initially felt alone in the process. The first approach for the project coordinators 
was to discuss the role of assessment in the learning process. They modeled the 
assessment process after Exemplars, performance assessment tasks. 
From their professional development training on Exemplars, the teachers 
learned to be aware of what constitutes a good problem and a good problem solver. 
In order to determine whether or not to use a problem or to explain to students how 
to develop a problem, a good problem needs to be defined. In addition, students 
need to be aware of how to problem solve and what strategies would be useful to aid 
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them in the process. The following table (Table 12) defines how the teachers defined 
a good problem and a good problem solver (Exemplars Training Day 1, June, 21, 
1999): 
Table 12. Defining good problems and good problem solvers 
Good Problem Good Problem Solver 
Meaningful and Engaging Curious: Asks questions 
No Immediate or Obvious Way to Persistent: Sticks to it 
Solve 
Multiple Strategies Flexible: Looks for different possibilities 
Appropriate Skill Level Risk Taker: Tries things new or difficult 
Extend Math to Other Content Areas Reflective: Take time to think about things 
The following table (Table 13) illustrates the traits the students used in the study to 
solve problems. 
Table 13. Students' responses to how to problem solve 
Good Problem Solver Example Responses by Students 
Curious: Asks questions Answer the little questions then the big question (6m 
grade student, May 18, 1998). 
Persistent: Sticks to it Test hypothesis ... we do it until we get it right. .. we 
are good (8th grade student, May 20, 1999). 
Good Problem Solver Example Responses by Students 
Risk Taker: Tries things You had to have patience. Wasn't easy to do in class. 
new or difficult The listening ... do other things while watching. (6th 
Grade Student,, May 18, 1998). 
Good Problem Solver Example Responses by Students 
Reflective: Take time to What is communicating your answer? What is your 
think about things answer? Recurring theme. See reasoning beyond 
computation. Work it backwards to show or check your 
answer. Example between novice and expert" (8th 
grade student, May 17, 1999). 
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For example, the students in this study were asked to describe how they solved a 
problem and what strategies worked best for them. One student stated: "Problems 
are not just given to you. You have to find them" (ih grade student, May 18, 1998). 
Students often asked other students how they were solving the problem and 
compared notes to determine a better method. They appeared to get hooked on the · 
process and ended up solving the problems in the process. For example, the 
following illustrates how three groups of students examined an Exemplars problem. 
The Exemplars example, Job Hunting, involved determining which job the students 
would want to take. The task involved: 
You are looking for a job after school and you look in the local paper. You see 
the following three jobs that seem interesting. 
1. Baby-sitting two young children: Work after school 2 hours per day 
Monday, Wednesday, and Friday; pays $4.50 per hour. 
2. Delivery route: Deliver 100 papers each day after school Monday through 
Friday; it should take 45 minutes per day using a bike and 1 hour 15 
minutes per day if you walk. It pays $0.05 per paper. 
3. Work for the Green Mountain Bank: mow lawn, shovel snow, empty trash, 
etc. Work 5 hours per week; pays $3.00 per hour. This job pays $10.00 
per week overtime for special projects (rake leaves, trim bushes, file 
papers, etc.), which amounts to $10.00 extra (you can count on this 
overtime). 
If you had your choice of any of these jobs, which job would you decide to 
take? Compare each job - maybe for a few months (you decide how may 
months are necessary for you to be sure you are getting the best job). Show 
all your data and give mathematical reasons why you are choosing one job 
over the other two jobs. 
Three groups in the sixth grade examined the problem and came up with three 
different problem-solving techniques. The following illustrate their answers. 
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Solution for Group One: 
A group of three boys had decided to do the babysitting since that appeared 
to be the easiest. The goal was to play Nintendo games while the child was 
sleeping. 
Solution for Group Two: 
A group of 2 boys started with the computation and created a chart for all 
three positions and figured the pay for each. 
Solution for Group Three: 
A group of three girls had a different view of planning the solution. They 
worked together to create a timetable so that they could effectively do all 
three jobs. So part of their solution was the justification of juggling all three 
jobs. 
The above example demonstrated the varied problem solving techniques and the 
different interpretations by the students. As part of the solution to the problems, 
students' experiences emerged as a vital link to what each student interpreted as a 
solution. This process created different scenarios for reaching the correct answer 
versus the complete answer. 
Below is another example of how students varied in solving problems. The 
following two examples of students' work came as a result of them solving the 
Exemplars example, Mrs. Williamson's Quilting Quandry. The task involved: 
The other day Mrs. Williamson was bored and decided to make a wall 
hanging. She decided she could just take the pattern below (basket) and 
enlarge it so that 1 centimeter on the pattern would equal 1 decimeter on the 
wall hanging. So instead of the 12 cm x 12 cm hanging, she would have a 12 
dm x 12 dm wall hanging. Her next step was to go buy fabric for the hanging. 
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She needed to buy 3 types: 2 prints and 1 solid: Following the design given in 
the pattern below, determine how many square decimeters of fabric Mrs. 
Williamson needed to buy of the print, and of the solid material to make a 12 
dm x 12 dm wall hanging (Exemplars, 1997). 
Solution for Student A: 
"I needed to find the area of all 3 colors. The black, swirled, and white. So find 
the perimeter and area. I used a ruler (mm side) and that is how I got my 
perimeter of the 3 colors. All I did was I took a ruler and measure a round the 
colors perimeter. Then I used the numbers to figure my solution" (ih Grade 
Student A, May 17, 1999). 
Solution for Student B, classmate of Student A: 
"Explore: one day Mrs. Williamson had nothing to do so she decide to make a 
hanging to put on her wall. She decides that she would make it in centimeters 
so that she could enlarge it later. She did it so that 1 centimeter would equal 1 
decimeter so that her wall hanging would be 12 dm x 12 dm instead of 12 cm 
x 12 cm. The next thing she needs to do was to go and buy the fabric needed 
for the wall hanging. She needed to buy 3 kinds of fabric; 2 pattern prints and 
1 solid color. Use the sample of the wall hanging below to find out how many 
squares of decimeters for every color." "Plan: 1. It seemed hard because of 
the area and perimeter. 2. That Mrs. Williamson needs to now how many 
squares of fabric she needs for her wall hanging. 3. You could measure it all 
out on the picture. You could also take and use the formulas for area. I 
measured it out. 4. No because this is the first time we have worked with 
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perimeter and area. There are no problems. This is the first. 5. It is hard to 
make a good estimation for this kind of problem because you don't now how 
many squares there will be with all the triangles. I don't have an estimation, 
my reasoning above." "Solve: To solve this problem I first took the 12 cm x 12 
cm picture she gave use. I then took a ruler and measured out the whole box 
into little 1 cm x 1 cm boxes. I took a count on each color of boxes. It is 64 % 
white, 35 % black, and 44 patterns." "Examine: 1. It is 64 % white squares. 
35% black squares. 44 pattern squares. 2. I didn't have an estimate. 3. No 
because any way you do it a centimeter is still a centimeter. 4. I learned how 
to find perimeter and area" (ih Grade Student B, May 17, 1999). 
Based on an Exemplar rubric, Student A's performance was assessed as novice 
while the Student B was expert. In this activity, the class was assessed, according to 
the rubric, to have 4 novice students, 7 apprentice students, 4 practitioner students, 
and 1 expert student. 
In order to assess the students' work, rubrics were used. According to a 
training session for the teachers, rubrics provided a framework of what was 
important, defined what work met a standard, and allowed teachers to distinguish 
among different levels of performance (Exemplars Training Day 1, June 21, 1999). 
The rubrics came from the Exemplars series and were applied to all the work 
, whether or not the problem came from the Exemplars curriculum or not. The 
teachers liked the completeness of the rubrics as well as the uniformity of using the 
same assessment tool. The concern was the time factor involved in assessing all the 
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students' work. However, the accomplishments made by the students overshadowed 
the work involved: 
"Students found the alternative assessment to be more meaningful. Students 
can express how they feel. Students are learning to communicate a complete 
answer rather than just a correct answer" (Sally, May 19, 1999). 
The rubric, shown in Table 7, was based on a developmental continuum of novice to 
apprentice to practitioner to expert (Exemplars Training Day 1, June 21, 1999). The 
standard was the practitioner level. 
Table 14. Developmental continuum 
Novice Limited awareness of the problem; Drawing does not connect 
to the problem; Attempts to do the task without any strategy 
for how to begin; Random or weak organization of problem 
Apprentice Shows appropriate use of Numbers; Attempts to use 
equations although has incorrect solution; Shows some 
understanding of the problem; Random or weak explanation 
of strategy 
Practitioner Understands the problem; Uses appropriate equations; 
Correct solutions; Describes strategy 
Expert Generalizes from previous mathematics experience; 
Experiments successfully to create multiple solutions; 
Elaborates on process or strategy used 
In addition, this rubric addressed three analytic criteria (based on NCTM standards): 
(1) understanding the problem, (2) reasoning strategies and mathematical 
procedures, and (3) communication as shown in Table 8 (Exemplars Training Day 1, 
June 21, 1999): 
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Table 15. Analytic criteria 
Understanding Understands the question the problem poses; Chooses 
information that is relevant to the problem; When using graphic 
or pictorial representation shows accurate interpretation of the 
problem; Can restate the problem in own terms 
Reasoning Chooses appropriate and applicable strategy; Draws from past 
knowledge and experience; Communicates reasoning process 
logically and sequentially; Chooses more than one way of 
looking at the problem; Develops system for checking accuracy 
and precision 
Communication Results are presented clearly, coherently and accurate.ly; Uses 
tools of mathematical communication (e.g. graphs and 
notation) 
The teachers' main concern with the rubric was how each individual teacher would 
evaluate the projects and how the scores would vary. One training session was 
dedicated to understanding the parameters of the four developmental levels. One 
teacher asked whether or not they were to compare students. The response was 
that the students' work needed to be compared against the standard and not other 
student work. The assessment process was based on all the students meeting the 
standard and not ranking the students according to achievement. In addition, the 
teachers discussed what each teacher felt justified a correct answer and what 
particular idiosyncrasies they were assessing. Some teachers were more "fussy" 
about whether the students facts were correct and were in the right place with proper 
labeling; while others were more concerned with the students' ability to problem 
solve (Exemplars Training Day 2, June 22, 1999). They all agreed that they needed 
more practice with the rubric and sharing their results with others. One teacher 
stated she needed more practice on reliability (Rita, May 17, 1999). 
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Moreover, with this assessment strategy, novice did not correspond to a letter 
grade of "D" or "F," but indicated how well the student performed as measured by a 
standard. The teachers in this study, had difficulty understanding how the 
assessment of a standard was different from grading a students' paper. The 
community, according to the teachers, was eagerly waiting for test scores with the 
emphasis on how a child compared to others. With this additional outside pressure 
and lack of understanding, the teachers often sought out other teachers and AEA 
personnel in order to further discuss the assessment implications in their classroom. 
One of the teachers stated in order to become more confident in 
administering this assessment and to familiarize her students with the process, she 
practiced with the kids by having them score a few of the answers (Rita, May 17, 
1999). Rita stated: "I am not sure how it corresponds to paper and pencil tests ... 
but students are learning" (Rita, May 17, 1999). Rita continued: "I am not sure how 
to measure it. .. but I am finding parents more involved ... they comment at 
parent/teacher conferences 'Oh I remember helping __ with that."' "I do not mind 
the parents helping because then the kids and the parents are talking" (Rita, May 17, 
1999). She also wanted to point out that one of her students had blossomed this 
year. She had not expected him to do well, but with the changes, he had done better 
than expected. She felt validated in the process as his success grew. 
In summary, the dilemma in the assessment process was weighing what the 
level of success in the assessment process would be: labeling a correct answer or 
communicating a complete answer in context as discussed in the Job Hunting 
Exemplar example. The students in Group One based their answer on the context of 
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which' job was easier and did not give mathematical reasoning for their answer. In 
this example, the correct answer was not given; however, the students described the 
context of their decision to choose the babysitting job. The question was, since the 
answer was incorrect, did the context have value? The teachers felt that success 
might not be measured by numbers but by the ability of the student to communicate 
an answer, even though the answer was not correct. The goal, according to the 
teachers, was to move the student from his/her current ability to the next level of 
practitioner or expert. In the above example, the teacher wanted the students to 
support their answer with mathematical reasoning. The challenge was finding the 
starting point and supporting the student in the process. For example, Karen started 
her students with problems of the week where the students examined how to solve a 
problem versus focusing on right/wrong answer. The students also got used to use 
working with others on exploring solutions and computing the context as well as the 
answer. Karen stated: "A lot of times we tell them we do not know the answer until 
they tell us" (Karen, May 18, 1998). Another teacher concurred that at first the 
students objected to the amount of writing required and would have preferred to give 
the numerical answer. With support and practice, the students got excited about 
tackling problems and breathed life into the numbers (Lynn, May 18, 1998). The 
teachers agreed that authentic tasks focusing on higher order thinking skills were 
more difficult to assess. In addition, stakeholders, who supported the teaching of 
problem solving, did not understand the assessment scores. Therefore, the teachers 
felt it was necessary to explain the assessment process beyond just reporting the 
scores. 
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The teachers used the assessment feedback to improve the educational 
process of improving their classrooms and their schools. They felt validated as 
teachers as they saw all their students accomplish authentic tasks. The results of 
those tasks were used to evaluate the curriculum selection and aided the teachers in 
assessing their own instructional practice. In addition, a community of learners 
emerged as teachers sought other teachers for support and creative ideas, and 
students collaborated with other students on solving problems and sharing possible 
solutions. The teachers, also, found an unlikely source of information in their 
students as the students shared unique problem solving techniques and presented 
supplemental realistic problems. The community learned from each other as they 
explored an assessment process based on all students learning and meeting the 
standard. The results of the assessment process enabled the teachers to reflect on 
their curriculum selections, beliefs, own personal knowledge, support, and 
accessible resources as they examined the improvement in their instruction and their 
students' learning. · 
Summary 
In summary, the process of changing the middle school math programs in this 
study addressed the complex and dynamic relationship of many components under 
the umbrella of school improvement. Comprehensive school improvement plans and 
the inclusion of technology plans provided the initiative for change in assessment 
and classroom practices. According to the teachers, school improvement appeared 
to be removed from their classrooms. They needed a clearer picture of how school 
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improvement affected them. The approach was to disseminate information on what 
student achievement was, who the interested stakeholders were, what the 
standards-based classroom looked like, and what assessment tools were being 
used in this classroom. The goal was to improve the schools by empowering the 
teachers to develop a different approach to teaching and learning. 
One part of this change was the inclusion of technology to support higher 
order thinking skills. At first, the teachers f9und it difficult to fit technology into their 
current curriculum and did not see the value of technology beyond efficiency. With 
workshops and a community of supporters, the teachers moved beyond their 
concerns to see how technology could support authentic tasks. The teachers 
reexamined their instructional practice as they used technology more in their 
classrooms. 
Another aspect was the introduction of research regarding the impact of 
technology use on student achievement. Although research studies and findings 
were introduced to the teachers, they were concerned about applying this 
information to their classroom. These concerns were similar to the expressed 
concerns about school improvement and technology. It was not until the teachers 
were presented with realistic classroom application where their concerns were 
reduced. The following components enabled the teachers to understand the value of 
changing their current approach by looking at their instructional practice. 
The teachers were challenged to change from using their textbook as the 
basis for their curriculum to finding multiple resources to guide the learning process. 
They felt overwhelmed in changing and then finding appropriate materials. They 
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learned to find materials based on what they wanted their students to accomplish, 
develop the ability to use higher order thinking skills. To help in this change, the 
teachers were provided opportunities to attend professional development activities to 
learn new methods of instruction, to seek out support from their peers, to share 
resources, and to discuss their concerns regarding the application of these changes 
to their classrooms. Changing their curriculum and learning new instructional 
practice was time consuming; however, they felt their experiences were valuable 
and gave them confidence as they changed their approach to teaching and learning. 
The teachers' beliefs were challenged as they started using technology, 
sharing control of the classroom, and conveying a higher expectation for all learners. 
However, in the end, a larger, caring community emerged to support the teachers as 
they implemented changes to teaching and learning. Moreover, this community 
provided additional resources for the teachers and students. 
The assessment process provided information to the teachers regarding how 
well their instruction supported students learning and to the students regarding how 
well they understood the information. These results provided feedback to the other 
components of the process. By examining the results of the students' work, the 
teachers found that they wanted to participate in a community rather than be isolated 
in their own classrooms. The teachers shared ideas and resources with students 
and other teachers. In addition, the teachers assessed student projects together. By 
assessing projects together, the teachers were able to discuss and recheck their 
assessments. What emerged was a discussion centered on learning and meeting 
the standard by a supportive team. The students were excited when engaging in 
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authentic tasks and enjoyed using the technology. By selecting or creating problems, 
students were engaged in a learning process that was supported by technology. 
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CHAPTER 5. CONCLUSIONS 
This chapter is organized into three sections: a brief summary of the results, a 
discussion of the results, and suggestions for future research.· 
Summary 
The purpose of this study was to use the ICALT model as a framework to 
provide a detailed description of how educators in four middle schools used 
technology to support higher order thinking skills, and the processes they went 
through to assess students' learning in a technology-rich learning environment. 
During this process, the teachers expanded their roles to include participation in the 
improvement of their schools as they began to address the bigger picture of school 
improvement. They learned how diverse stakeholders viewed their classrooms and 
how to inform the stakeholders about the process of teaching in a technology-rich 
learning environment. The process included learning how to teach a standards-
based curriculum, to engage students in an active learning environment, and to 
choose technology to support higher order thinking skills. The teachers found this 
process time consuming, challenging, and contradictory to their previous beliefs of 
teacher-directed instruction. In order to address these issues, the AEA personnel 
focused on encouraging the development of formal and informal support structures 
and providing intensive professional development activities. 
After nineteen days of in-service activities, teachers found themselves 
immersed in reflection and change. Teachers were guided through making 
97 
connections and relationships between these various processes: appropriate 
technologies and math skill development; social technologies and the developmental 
needs of their students; assessment strategies and students' skill level; and 
curriculum content and instructional processes. In addition, they were asked to 
evaluate the current structure of their classrooms and determine what they wanted 
to accomplish for themselves and their students. The teachers were challenged to 
teach the mathematical concepts by first phasing out the routine use of worksheets 
and rote learning while shifting to the development of mathematical power skills, as 
demonstrated in using Exemplars, and then placing emphasis on the use of 
calculators and computers over using paper-and-pencil calculations. 
During these professional development activities, teachers began to support 
each other by sharing information, discussing concerns, providing guidance, and 
critiquing current methods of assessment. By experiencing support from their peers 
and experts, the teachers reevaluated their beliefs regarding how students learn and 
who was responsible for the learning. They began to include students in the process 
and to expect more from all their students. The students liked the inclusion of 
technology and enjoyed the challenge of tasks that were based on problem solving 
and the realistic examples found in Exemplars. Moreover, they tried to meet their 
teachers' higher expectations. However, in the beginning, the teachers were unsure 
of how to use the technology and to assess learning. In order to deal with this issue, 
the AEA personnel used current research findings to help the teachers understand 
how they could use technology to support instruction, learning, and assessment. 
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The research on the impact of technology on student achievement was 
presented to the teachers during several professional development activities. 
Although the intent was to alleviate the concern regarding what to do with the 
technology and how to vary assessment methods, another concern of the teachers 
arose regarding how the teachers should use the research findings to improve 
schools. At first, the teachers believed that the research was not applicable to their 
classrooms. However, after discussions with their peers and interpretation by the 
AEA personnel, the teachers began to pull relevant information from the research. 
For example, they were able to take data from research on social technologies and 
brain research to set up their classrooms to aid all students in learning and problem 
solving. 
During professional development activities, the teachers explored how to use 
technology personally and in the classroom, how to apply research findings relevant 
to their classrooms, how to choose curriculum that focuses on higher order thinking 
skills, how to engage students in learning, how to change what they believed to be 
the correct method, how to support each other in the process, and how to find 
additional resources beyond the textbook. By applying understanding gained 
through these explorations, they found their students enjoyed the use of the 
technology as the students tackled authentic tasks and were motivated to succeed. 
The teachers' next step was to assess their students' learning in a technology-rich 
environment. 
The teachers were challenged to change their assessment tools, to use more 
than one method of assessment, and to ask their peers for advice and guidance in 
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the process. At first, they found it difficult to assess the students against a standard 
versus ranking the students in order of ability. They interpreted the competency of a 
standard to be equivalent to a passing grade or a "C." It was difficult to move beyond 
the idea that the concept of assessment and the grading system were synonymous. 
In addition, they were self-conscious during the assessment process, because they 
were not sure how their peers would respond to each other's subjectivity of 
assessing students' work. During these struggles, the teachers encouraged their 
students to solve problems and to explain their reasoning (process) as well as the 
answer (product). Some teachers scaffold the students' learning by taking the new· 
material and initially breaking down the concept in parts. One teacher had her 
students assess the first Exemplar in order for all of them to understand the 
assessment process and the expectations. Once the students understood the 
expectations, they appeared to be more motivated and participated in the process. 
The teachers began to see the value of using the rubric in assessing their students' 
work as the students viewed the assessment of novice and apprentice as a positive 
reinforcement rather than the punitive punishment of the grading system of a "D" or 
an "F." Also, the teachers were often amazed at the ingenuity of solutions. For 
example, one group of students determined how they could do all three jobs in an 
Exemplars example and justified how their solution would be the best method. 
With the change in assessment practice, teachers and administrators initiated 
discussions with stakeholders on what assessment is and what it means to assess 
authentic performance tasks. The stakeholders included parents, teachers, district 
curriculum and technology coordinators, administrators, community members, state 
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curriculum and technology coordinators, state and national policymakers, 
researchers, and business people. The best representatives of this new approach 
were the students as they brought their projects home to their parents. In this 
environment, the process was complex and dynamic. Progress was difficult to 
measure; however, teachers and students were engaged in the teaching and 
learning process. One student stated: "I set my goal at expert. If I don't make it, I 
take the feedback and try again" (6th grade student, May 19, 1999). 
In summary, the participants in this study examined the interrelationships 
among the components of the learning environment and determined how to 
incorporate that knowledge in their instructional practice. By balancing of using 
inquiry-based curriculum, problem solving software, and attending professional 
development workshops, the teachers were able to explore, apply, and eventually 
begin to see changes in the learning environment, their instructional practices, and 
the assessment tools. Although technology was part of the environment, the 
teachers did not view it as a separate component that could have a direct impact on 
student achievement. One teacher stated that she knew her students were learning, 
but did not know how well they would do on a paper and pencil test. Technology, 
although feared by some, was used to motivate students and to enhance the 
learning environment. The students were found to have a more positive experience 
with the inclusion of technology and authentic tasks such as Exemplars and were 
not turned off by the teachers' higher expectations. The teachers found their 
students more motivated in learning math than through previous traditional methods 
of teaching mathematics. 
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The results of the project illustrated the implementation of a middle school 
math program designed to create innovative classrooms with engaged students and 
teachers. By initiating change in a small group in the middle school math program, 
the participants created an approach to improving the rest of the school building and 
eventually the school district. This approach is reflected in the ICAL T model. The 
model was used to present the data for the study. In addition, it demonstrated a 
method for describing the process the middle school participants were experiencing 
in improving the program and their schools. The following table illustrates the 
components of the ICAL T model and a summary of the results of the study. 
The inputs of the learning environment, as reflected in the ICAL T model, 
demonstrated a dynamic model of complex relationships among the components 
under the umbrella of school improvement. The participants were able to describe 
the components of educational process, to identify the relationships among the 
components, and to provide feedback for the overall goal of school improvement. 
Table 16. Reflection of the study and the ICAL T model 
ICALT Model 
Components Major Themes 
School • The classroom evolved into a town meeting of negotiation and 
Improvement planning to solve meaningful problems. 
• Community of learners was being redefined to fit the school 
district's needs. 
• Teachers were opening their classrooms for other 
stakeholders to see the strengths and weaknesses of the 
classroom. 
• Schools were seeking sustainable change . 
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Table 16. (continued) 
ICALT Model 
Components Major Themes 
Research • Teachers were concerned on how research applied to their 
classrooms. 
Development • Students found the engaged curriculum to be unlike any other 
• Curriculum math classes that they have had before. They also enjoyed 
the challenge and were not turned off by the difficulty of 
• Professional developing complete answers. 
• Students were motivated to do their best when working with 
the Exemplars and other authentic tasks. 
• Teachers understood the standards and benchmarks and the 
application of them to technology. 
• There was an extensive time commitment by the teachers in 
this area as they changed curriculum and instructional 
practice. 
System • Teachers were learning from teachers and students . 
• Teachers' • Teachers expected more from their students . 
Beliefs • Teachers took control of their own learning and sought new 
information and guidance from a larger community of learners. 
• Support • Teachers were assessing their comfort level with technology 
and sharing their experiences with other teachers. 
• Resources • Teachers and students were sharing in the joy of learning 
together. 
• Both teachers and students sought additional resources to 
support teaching and learning. 
Assessment • Teachers were discussing assessment strategies and double-
checking each other's assessment of students' work. 
• Assessment provided feedback for the improvement of 
school, teaching, and learning. 
• Assessment fit the school districts personnel's expectations 
of higher order thinking skills in the math programs and the 
comprehensive school improvement plans of the participating 
schools. 
• Results of the assessment process were used to report back 
to teachers, community, state, and other stakeholders. 
For example, the teachers were uncomfortable with using technology in the 
classroom. They could not see how technology could help beyond making their 
instruction more efficient. During a professional development activity, the teachers 
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were introduced to how technology may be used to support the learning process, in 
particular, higher order thinking tasks. At first, they were skeptical; however, they 
were introduced to standards-based curriculum, trained in the use of technology, 
and supported as they applied this new information to their classrooms. They found 
their students were excited about using the technology, motivated to learn, not 
turned off by the challenge of solving problems, sought collaborative relationships 
with fellow students, and supported their creative answers with additional resources. 
As they changed, the teachers shared their experiences in their instructional 
practice, expectations, and assessment methods with other teachers, administrators, 
and parents. This sharing provided feedback to the school and to the larger 
community of stakeholders. The school personnel began to examine their current 
method of teaching, learning, and improving upon the method of instruction as 
described above. 
As this study unfolded there were some unanticipated but rewarding findings 
occurring in the classrooms: 
• The level of concern of the teachers in the reliability and validity of their 
scoring and "generalizability" of alternative assessment. 
• Impact assessment data improved instruction and promoted positive 
relationships between teachers and students. 
• The teachers developed action research components. 
• The participants committed to continuing a long-term project. 
• Several school leaders emerged from this middle school group. 
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The project was complex and dynamic as the participants experienced 
changes in their schools and classrooms. 
Discussion 
By using the ICAL T model as a framework, the purpose of the study was to 
describe the process personnel from four middle schools went through as they 
experienced improvement in their middle school math programs. They addressed 
how technologies can be used to facilitate reform in middle schools by supporting 
higher order thinking skills and assessing students' learning in a technology-rich 
environment. What emerged was a much bigger picture of a complex and 
interrelated environment that was continually moving and evolving as it reflected 
back on school improvement. By using the ICAL T model as the method of analyzing 
the data, the results illuminated the issues discussed in the literature review. 
For participants, the overall goal was to improve the schools by changing the 
current practices of teacher-directed instruction and traditional assessment to a 
technology rich student-centered learning environment with authentic assessment of 
problem solving tasks. Schools may have previously approached these changes by 
using technology as a tool to support current methods of drill and practice, transfer 
of factual knowledge, and teacher-directed instruction (Lappan, 1999; Means, 1994) 
However, in this project, technology was selected to support active learning and 
higher order thinking skills and was intertwined in the learning environment. This 
process met the objectives set forth by the project coordinators that are listed in 
Chapter 3. The literature reports that using technology in this manner creates a 
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learning environment where technology supports learning and the construction of 
knowledge, which is different from the traditional learning environment that focuses 
on dissemination of information (Jonassen, Campbell, & Davidson, 1994; Tennyson, 
1994; Schrock, 1994). In a meeting held by Secretary Riley in 1999, stakeholders 
report that the effectiveness of technology needs to be embedded in school 
improvement (McNabb, Hawkes, & Rouk, 1999). This has been reflected in how 
some policy makers have mandated the joining of comprehensive school 
improvement plans and technology plans. 
For example, in the State of Iowa, legislators passed a law mandating 
development and implementation of comprehensive school improvement plans that 
included the use of multiple assessment measures in determining student 
achievement levels (including standardized testing and authentic assessment) and 
the inclusion of technology plans. The inclusion of technology in school improvement 
was supported by McNabb, Hawkes and Rouk (1999). Although the project was 
initiated by Star Schools funding, this piece of legislation provided an incentive for 
the participants in the project. With this legislation in the background, the participants 
in the study viewed school improvement as the overall goal of the project. Similarly, 
school improvement is the overall umbrella in the ICAL T model. In the project, 
school improvement was described as the foundation for guiding the process of 
changing the middle school math program. The goal was to create an engaging 
curriculum within a caring community to promote student achievement for all 
students, as reflected in the school improvement model used in the project (D. 
Burger, personal communications, March 26, 1999). The community was a critical 
106 
component in effectively using technology within an engaged learning environment 
(North Central Regional Educational Laboratory, 2001 b). In addition, the literature 
reflects the basic need for all students to have the opportunity to learn (Roblyer & 
Edwards, 2000; Jonassen, Peck, & Wilson, 1999; Grabe & Grabe, 2001 ). 
Technology fits into the school improvement plan, according to the 
participants of the study, as a means of supporting higher order thinking skills. The 
use of technology in school improvement encouraged the teachers to examine their 
classroom delivery practices as well as emphasizing the inclusion of all learners. At 
first, teachers were unsure of how to use technology and how to engage learners. 
They first believed in using technology as a method for delivering instruction. 
Through professional development activities, the teachers learned the value of using 
technology to support student-centered learning. In the literature, technology is 
interlinked with all aspects of the "lesson" from objectives to assessment and is 
chosen based on how it supports the expected learning outcome (McNabb, Hawkes, 
& Rouk, 1999; Tennyson, 1994; Schrock, 1994). This philosophy of using technology 
as a tool to support learning was expressed by the third camp discussed in Chapter 
2 (Jonassen, Campbell, & Davidson, 1994; Tennyson, 1994; Schrock, 1994). In 
addition, Jones, Valdez, Nowakowski, and Rasmussen (1994), believed 
technology's effectiveness can be defined as the intersection of learning and 
technology continuums. This intersection may be termed engaged learning where 
the goal is to increase both learning activity (from passive to active) and technology 
performance needs. For example, the teachers found that the more they used 
technology in problem based learning activities the more students became engaged 
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in their learning. Moreover, they also expressed their initial surprise in the 
blossoming of all students in the process. 
Although research on the impact of technology on learning is considered to 
be in its infancy, researchers have reported that technology-rich environments may 
increase student achievement, provide a positive experience for students, improve 
students' self-concepts, permit students to learn in less time, be more cost effective 
than reducing class size, increase teachers' enthusiasm, and help include all 
students in the learning process (Schacter, 1999; Kulik, 1994; Baker & O'Neil, 1994; 
Sivin-Kachala, 1998; Baker, Gearhart, & Herman, 1994; Mann, Shakeshaft, Becker, 
& Kottkamp, 1999; Wenglinsky, 1998; Sheingold & Fredericksen, 1994). The 
teachers were unsure of what was being asked of them and to how to apply the 
research findings to their classrooms. Through professional development activities, 
the teachers were able to examine the results of using technology in standards-
based classrooms and to discuss these findings with their peers. They began to see 
the value of understanding research findings and to apply these findings in their own 
classroom. For example, the teachers found that their students were more motivated 
to participate in the learning task if technology was used. One teacher noted that the 
students were able to grasp algebra concepts quicker by using the graphing 
calculator. With the students' excitement for learning with technology, the teachers 
said they were more enthusiastic about their instructional practices. Their initial 
concern was losing focus on students' learning within a technology-rich environment. 
In this project, similar to research found on technology and assessment, the 
teachers believed it was difficult to discover how technology affected students' 
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learning. The teachers expressed that they knew their students were learning but 
were not sure how they would perform on standardized tests. According to 
Wenglinsky, student achievement increased when the students' teachers were 
trained to use technology and software in higher order uses (1998). By learning how 
to use the technology and select a curriculum focused on higher order thinking skills, 
the teachers developed more confidence in their own abilities and their students' 
abilities. The extensive professional development activities did provide the teachers 
with more access to training and practical application of the technology. Their 
confidence level with using the technology increased as they practiced using it in the 
classroom. The students reflected that they noticed the enthusiasm the teachers had 
with the changes in the classroom. 
Both professional and curriculum development focused on meeting the goal 
of improving the schools. Although each was presented during the professional 
development activities, the two were intertwined in order to support the development 
of both areas. The workshops and training sessions enabled the participants to 
explore and to apply methods of achieving the overall goal of school improvement. 
One aspect of improving the school was to change the curriculum and to focus on 
professional development activities. The AEA personnel used the results of CBAM 
stages of concerns, as discussed in Chapter 2, in order to monitor progress when 
implementing the new changes in curriculum and classroom practices. This model 
provided the schools and project coordinators with a better understanding of the 
success or failure of innovations. The goal was to support the teachers as they 
progressed from having no awareness to personalizing their concerns to seeking 
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support from their peers. According to the AEA personnel, they used this model to 
prepare professional development activities and to create a community of learners. 
By changing the curriculum to include authentic tasks based on higher order thinking 
skills, curriculum resources beyond the textbook, and technology, teachers found 
themselves approaching math as a whole instead of in isolated pieces. Curriculum 
development and professional development were intertwined as one impacted the 
other. Moreover, the teachers found it critical to participate in professional 
development activities. However, they also found it time consuming. From the 
professional development activities, teachers began to rely on their peers for support 
and guidance. Teachers were exposed to new materials, new methods of 
instruction, and technology. Their practices began to change as they became more 
proficient, asked each other questions, and tried new approaches. According to 
Baker, Gearhart, and Hermann (1994), teacher practices change to include more 
collaboration. Teachers sought opportunities to collaborate with their peers. This 
collaboration influenced the teachers' beliefs, opened teachers to new support 
structures, and provided them with additional resources. Moreover, by experiencing 
the changes in their instructional practices, the teachers found that students became 
more excited and interested in the learning activities and enjoyed using technology. 
For example, by using Exemplars as examples of authentic tasks, the students 
began to share their reasoning and problem solving skills with their families and with 
other students, be more motivated to come up with complete solutions, to try harder 
when they did not meet higher expectations, and to use technology to aid in both 
coming up with the solution and in presenting the solution. Both Kulik (1994) and 
110 
Sivin-Kachala (1998) note that students liked their classes more and had positive 
experiences with technology. 
The coordinators of the project believed it was necessary to address the 
teachers' beliefs, support structures, and resources. In previous research, these 
areas have also been reported as important issues (Jones, Valdez, Nowakowski, & · 
Rasmussen, 1994; McNabb, Hawkes, & Rouk, 1999; North Central Regional 
Educational Laboratory, 2001 b). In addition, in the ICAL T model, systems include 
teachers' beliefs, support, and resources. During the change process, teachers 
examined their beliefs, sought support both from formal and informal support 
structures, and explored additional resources. This particular component of the 
ICAL T model provided a method of continuing the development of the community, 
which was reinforced by professional development activities. By having 
conversations on changing their approach to teaching and learning, the community 
of teachers developed a standard of practice and a common language that 
supported their development in the project. For example, one result from the 
assessment of students' work was the interpretation of the common rubric used by 
all the teachers in the project. This rubric, created for the Exemplars tasks, was used 
to determine the level at which the student was meeting the standard. The teachers 
discussed and defined how to assess students' work according to the rubric. This 
standard of practice and language was critical in the assessment process and is also 
a critical issue according to McNabb, Hawkes, and Rouk (1999). 
Exemplars, available on an interactive CD-Rom, are contextual problems 
grounded in standards and used to assess higher order thinking skills. Students 
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explained their answers in the context of the problems and according to their own 
experiences. Also, they often used technology to report their complete answer. This 
assessment method may be completed individually; however, in this project the 
students often collaborated on their answers. According to the research, students 
learn when they construct their knowledge from activity embedded in context and the 
exploration of possible answers through collaboration (Jonassen, Peck, & Wilson 
1999; Roblyer & Edwards, 2000). In this study, the teachers had difficulty permitting 
students to work together. They were not sure who was doing the work; therefore, it 
was difficult to determine who was learning and who was not. However, when the 
students began to articulate their reasoning within a constructed environment, the 
teachers found the students were moving beyond their expectations. The students 
.used sophisticated reasoning when approaching a particular problem and were able 
to explain in detail an authentic context to go with the correct answer. The level of 
problem solving increased as the students tried to determine the best and most 
complete answer. In addition, the students looked for other methods of inquiry, 
asked other students for input, and negotiated with each other regarding how to best 
approach the problem. They also were eager to explain their problem solving 
strategies and describe the context of their answer. Parents informed the teachers 
that they were amazed on the excitement their children had for using the Exemplars 
and other higher order thinking tasks. One parent wished that he had learned math 
this way. Exemplars intertwined the use of technology, problem solving tasks, and 
authentic assessment. The students found the opportunities to work on Exemplar 
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problems as a welcomed challenge to find supporting evidence in completing often 
unique solutions to the authentic tasks. 
For the teachers, Exemplars epitomized their struggles with learning how to 
use technology, replacing familiar curriculum, and using paper and pencil 
assessment tools. The teachers, throughout the study, struggled with changing to 
their instructional practice. At first, their struggle was with technology, then focused 
on problem solving tasks, and finally, focused on assessing students based on 
standards. In a traditional evaluation of students' performance, teachers would sort 
students into categories of "A" through "F" in order to assign the ranking of the class 
(Kohn, 1994). What emerged from standardized testing and a rigid curriculum was a 
standards-based movement where the focus was on educational outcomes and 
accountability (Goertz, 2001; North Central Regional Educational Laboratory, 2001a; 
Resnick & Nolan, 1995). The teachers were weary of the term accountability 
because they felt their teaching practices were being scrutinized. Although 
assessment does provide feedback for instruction, the teachers also realized the 
need to focus their attention on their students' learning. 
Assessment is the center of the ICAL T model that represents the target of 
the model: assessment of learning with technology. The teachers experienced 
change in their understanding of the function and the different types of assessment. 
The teachers at first had difficulty understanding the value of the students answering 
the problems beyond the correct answer with proper mathematical notation. The 
dialogue resulting from these activities enabled more stakeholders to comprehend 
what assessment was and what was the role and function of technology in the 
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process. This addressed another critical issue presented by McNabb, Hawkes, and 
Rouk (1999). This dialogue included the interpretation of the standards and the 
scoring of the assessment tasks. This interpretation is not the quantifying of the 
results but the measurement of the students' performance against the standard. 
These standards, functional standards, do not focus on the content standard but on 
the level where the students should be performing (Resnick and Nolan, 1995; North 
Central Regional Educational Laboratory, 2001 a). Initially, the teachers wanted to 
quantify the results of the students' tasks. However, they learned the value of how 
well their students performed against a standard. This is reflective in the process the 
teachers experienced in determining the difference between a correct answer versus 
a complete answer. 
The assessment component of the ICAL T model does not complete the 
process of assessing students' learning with technology. The resulting data gathered 
throughout the process contributes to the overall goal, school improvement. When 
discussing the outcomes of the assessment process, the teachers reflected on the 
development of the engaged learning environment, the complexity of interweaving 
technology and the learning environment, and the development of a community of 
learners in the process. For example, in the Job-Hunting Exemplar, the students 
chose which of the three jobs they would want. The students came up with varying 
degrees of context as to why they chose a particular job. Most of the students got 
the computation correct and based their answers on the amount of money earned. 
Some groups went beyond the answers and provided a complete reason for 
choosing a particular job or choosing all three jobs. The students were excited and 
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pleased with their reasoning and the experience of doing the task. They shared their 
excitement with their parents. The parents articulated their support and pleasure of 
seeing their child learn how to solve problems. The teacher heard the superlatives of 
the changes in the math curriculum, and with the support of the administration, 
became active in providing leadership and training for the school district. The 
students became more engaged with the changes in the curriculum and the learning 
process. The support of the teachers' peers, administration, and the larger 
community members nurtured the growth of the teachers and the changes in their 
instructional practices. The school district's personnel were able to approach the 
idea of how to improve their school by listening to the caring community. According 
to the school improvement model presented in the literature, student achievement is 
promoted with the creation of an engaging curriculum within a caring community (D. 
Burger, personal communications, March 26, 1999; Mann, 1999; Wenglinsky, 1998). 
Student achievement in this instance was the success the students felt as they 
completed the Job-Hunting Exemplar. The process does not hinge on one instance; 
however, it is a start. 
Future research 
This study described the process four middle schools in four different school 
districts within an Iowa area education agency used to implement math standards in 
a technology-rich environment. The description was presented within a framework of 
the ICAL T model. Given the limitations of time, the description provided feedback 
and information to schools, teachers, and the community of learners on the 
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extensive nature of school improvement. The process is an enormous task, not only 
in labor hours, but also in the commitment to learning from failures as well as 
successes. 
Three possible research areas that emerge from this study are the inter-rater 
reliability of authentic assessments, maintenance and sustaining of changes, and 
the growth of student achievement over a period of time. In addition, the study and 
the review of the literature support the need for more research on connecting 
technology to school improvement. 
One concern of the teachers was the inter-rater reliability. The Achilles' heal 
of authentic performance assessment is the lack of generalizability and reliability of 
the results. The question they pondered was: Could two or more teachers come up 
with the same or comparable score of a student's artifact or portfolio? If so, how 
could this be accomplished? If not, why was this not possible? 
A second area of research involves tracking the sustainability of this project. 
For example, a research project might revisit the teachers involved in the study in 
five years to determine the extent of the sustainability of the accomplishments made 
and their ability to seek out and to implement new changes. 
A third area that was not feasible in this study was the evaluation of the 
students' portfolios. Although the assessment piece was described according to the 
expectations and the assessment process, the resulting question was did the 
students' portfolios reflect increased student achievement in a technology-rich 
learning environment? In other words, what was the effect of technology in the 
assessment of student learning? 
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School improvement addresses the interactions and dynamic relationships 
among several components. This study describes, based on the ICAL T model, 
several components that may be considered to be single isolated elements of 
education. However, the results of this study propose that these components work 
together to improve schools and to provide feedback in the process. Although some 
studies have linked technology and student achievement, technology is part of the 
process that supports the change in instructional practice, curriculum, and 
assessment methods. Studies have shown that technology may increase student 
achievement; however, Sivin-Kachala believe that several factors influence the 
effectiveness of technology (1998). The results of this study support professional 
development as a vital component to changing instructional practice, teachers' 
beliefs, and curriculum, as teachers engage students in problem solving. This 
includes a broad array of assessment methods as teachers assess students' 
learning in a standards-based curriculum. Teachers stress the time commitment 
involved in changing the process of teaching and learning in order to improve 
schools. However, they also found their students to be more motivated by using 
technology; enjoyed the challenge of authentic tasks such as Exemplars; and were 
not turned off by the changes in math instruction, curriculum, and assessment; and 
were positive in their experiences. 
This study provides valuable information in describing the process four middle 
schools experienced as they strived to improve their schools. Results from this study 
should provide useful information for advancing the study of assessing the effect of 
technology on student learning by describing one approach some educators used 
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and are using to assess their students' performance while utilizing technology in an 
engaged learning environment. Their approach was to look at the larger context of 
the learning environment with the dynamic relations among the components rather 
than isolating technology. In this study, the results were described using the ICALT 
model. The function of the ICAL T model is to represent an approach to the 
assessment of learning with technology. This approach emphasizes the complex 
and dynamic nature of the relationships among the components for improving 
schools. The participants were able to improve their schools by examining the big 
picture of how students learn in a technology-rich environment. In the model, school 
improvement encompasses the whole process of assessment as the graphic 
illustrates with the umbrella of school improvement while technology plays a 
supportive role. The model may provide educators a tool for improving their schools 
and the learning environment for all students. 
118 
APPENDIX A 
ETHICS AND CONSENT PROTOCOL: TEACHERS 
N031 Lagomarcino 
Iowa State University 
Ames, Iowa 50011 




I invite you to participate in the study designed to determine how Exemplars 
technology is being used in classrooms. Your participation would entail a thirty-
minute interview using a tape recorder. 
Your participation is voluntary and you may discontinue participation at any time. 
The data you provide on your perspectives of Exemplars technology will be held 
confidential. All data you provide will be reported in groups or pseudonyms; you will 
never be identified in any reports produced from this study. Recording devices will 
be used to aid the; researcher in note taking. All materials will be destroyed at the 
conclusion of the study in August 1999. Only the researcher will have access to the 
interview notes and transcripts. 
If you agree to participate, please fill out the form below. 
Sincerely, 
Frank H. Keis 
Primary Investigator 
Dr. Ann Thompson 
Professor 
I, (please print your name) am aware of the 
purpose and procedures of the Exemplar Use in Education Study being conducted. I 
am also aware that my participation in the study is voluntary and the data collected 




ETHICS AND CONSENT PROTOCOL: STUDENTS 
May 5, 1999 
Dear Parent/Guardian, 
As educators, we are all concerned about providing children with the best possible 
education and we are all aware that effective use of technology can play an 
increasingly important role in education in the future. A new technology called 
Exemplars, originally developed by Ross Brewer, consists of real-world problems 
that generate higher-order thinking skills in students to improve their mathematical 
skills. To determine how these Exemplars are being used in classrooms, we have 
identified practicing K-12 teachers who are integrating Exemplars technology into 
their classrooms in effective ways. 
Your child's teacher has been identified as a teacher who is using technology 
effectively and has volunteered to participate in this study. We would like to have 
your child participate also. In the study, we will be observing students working on 
Exemplars and conducting group interviews. The materials we prepare will be used 
to help us better understand the effectiveness of the Exemplars, and it will help pre-
service and in-service teachers develop effective Exemplars to integrate into their 
individual classroom environments. Your child participation is voluntary, and the 
interviews will be conducted in small groups and will last approximately 15 minutes. 
Please complete the attached consent form and indicate your choice with 
respect to allowing your child to be interviewed and for your child's schoolwork to be 
reviewed as part of this study. 
If you need additional information, please fee free to call or email your child's 
teacher ( or one of the individuals below. 
Thank you. 
Sincerely, 
Ann Thompson, PhD 














ETHICS AND CONSENT PROTOCOL: STUDENTS 
I give permission, for my child, ----------------· , to 
(Enter child's full name above) 
participate in the Exemplar use in Education Study. 
I do not give permission for my child, ________________ , to 
(Enter child's full name above) 
participate in the Exemplar use in Education Study. 
(Parent/Guardian Signature) 
(Date) 
Please return to your child's teacher. 
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APPENDIX C 
INTERVIEW QUESTIONS: TEACHERS 
1. Tell me a little about what you are doing in your math classroom. 
2. What are Exemplars? 
3. What are your comfort levels with technology? 
4. What interested you in changing your curriculum and changing the way you 
teach math? 
5. Were you involved in the initial use of Exemplars? 
6. How is your school, your community, and your students adapting to the new 
curriculum and the new assessment? 
7. Are your students learning? How different is it? 
8. What factors are needed for Exemplars to be effective and successful? 




FOCUS GROUP QUESTIONS: STUDENTS 
1. Tell me about some things that you do in your math classroom. 
2. What are Exemplars? 
3. How do you figure out to solve them? 
4. How does your teacher use Exemplars in your math classroom? 
5. How different are the Exemplars that you are using than how you learned last 
year in your math classroom? 
6. What other technologies do you use in your math classroom? 
7. What is your favorite subject? 
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EXEMPLARS EXAMPLE AND SOLUTION 
Job Hunting 
Grade Level 3-5 
Task 
You are looking for a job after school and you look in the local 
paper. You see the following three jobs that seem interesting. 
1. Baby-sitting two young children: Work after school 2 hours per 
day Monday, Wednesday, and Friday; pays $4.50 per hour. 
2. Delivery route: Deliver 100 papers each day after school 
Monday through Friday; it should take 45 minutes per day using a 
bike and 1 hour 15 minutes per day if you walk. It pays $0.05 per 
paper. 
3. Work for the Green Mountain Bank: mow lawn, shovel snow, 
empty trash, etc. Work 5 hours per week; pays $3.00 per hour. 
This job pays $10.00 per week overtime for special projects ( rake 
leaves,, trim bushes, file papers, etc.} which amounts to $10.00 
extra (you can count on this overtime}. 
If you had your choice of any of these jobs, which job would you 
decide to take? 
Compare each job - maybe for a few months ( you decide how 
many months are necessary for you to be sure you are getting the 
best job}. 
Show all your_ data and give mathematical reasons why you are 
choosing one job over the other two jobs. 
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APPENDIX G 
EXEMPLARS EXAMPLE AND SOLUTION 
Job Hunting 
Grade Level 3-5 
Context 
I was surprised at how engaged my students were in this problem. I noticed, 
however, that a good deal of their discussions were about which job would allow 
them to do sports after school or that they like kids or that they didn't like raking 
leaves. I had to make it clear that I wanted to see the mathematics in their solution 
as well as other ideas. I stressed that they would mainly be graded on their 
mathematical ideas. They walked out the door talking about which job they wanted 
to take. 
What this task accomplishes 
This task will show what students can keep track of and work with a couple of 
variables. Time working per week and amount of money earned. Each job presents 
this information differently. 
What the student will do 
The student will need to find a way to compare the jobs. They will have to figure out 
how much they will earn for each job. They will also have to compare the amount of 
time each job will take. They will need to juggle these variables with their own after 
school schedules and interests. The first job description is straight forward. The 
newspaper job does not give the amount earned per hour and the bank job indicates 
overtime, but the student will need to determine how much overtime they think they 
will need to do for $10.00. 
Time required for task 
The task takes 45 minutes to present to students and allow them to get started 
thinking about strategies. It takes another 30 minutes for them to complete their 
responses (or complete for homework). 
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APPENDIX G 
EXEMPLARS EXAMPLE AND SOLUTION 
Job Hunting 
Grade Level 3-5 
Interdisciplinary links 
This problem can be given as students in a guidance program talk about life skills 
and interests. 
Teaching Tips 
Spend a fair amount of time discussing each job so all students understand each 
constraint. Discuss how hard it is to compare jobs because the information is given 
in different forms. Discuss the need to get the jobs described in a similar way. 
Concepts to be assessed and skills to be developed 
Estimating skills 
Addition, Multiplication and division in context 
Number sense 
Problem solving 




Graph paper, lined paper. 
128 
APPENDIX G 
EXEMPLARS EXAMPLE AND SOLUTION 
Job Hunting 
Grade Level 3-5 
Possible Solutions 
This is an open-ended problem. There is no one correct answer. However, the 
mathematics they do and how they compare each job determines their level of 
performance. Here is some of the mathematics: 
Baby-sitting: 2 hours/day X 3 days (Monday,Wedneday,Friday) X $4.50/hour = 
$27. 00 per week. 
Newspaper Route: 100 newspapers/day X $0.05/newspaper X 5 days = $25.00 per 
week. Average 1 hour per day so this job earns about $5.00/hour. 
Bank job: 5 hours per week X $3.00/hour = $15.00 per week. Plus overtime: about 
2-3 hours a week for 1$10.00/week. For a total of 5-6 hours/week and $25.00/week. 
This job earns between $4.17 and $5.00/ hour. 
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APPENDIXG 
EXEMPLARS EXAMPLE AND SOLUTION 
Job Hunting 
Grade Level 3-5 
Rubrics and Benchmarks 
Novice 
The student does not have the correct money earned for the bank job. There is not 
evidence of a strategy or procedure. There is little evidence of mathematical 
reasoning since there is not explanation of the solution. There is inappropriate use 
of the dollar sign and no use of mathematical rep'resentation. 
Apprentice 
The solution is not complete. The student did not choose which job he thought was 
the best and why. The student did use a strategy that is partially useful. He found 
out how much he would earn for the first and second job. He did not complete the 
amount earned in the third job. There is some evidence of mathematical reasoning. 
There is some use of mathematical notation (however the dollar sign is used 
incorrectly). 
Practitioner 
The solution shows that the student has a broad understanding of the problem and 
the major concepts necessary for its solution (except the hours for the bank job). He 
uses a strategy that leads to a solution and uses effective mathematical reasoning. 
There is a clear explanation, appropriate use of mathematical representation, 
terminology and notation. 
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APPENDIXG 
EXEMPLARS EXAMPLE AND SOLUTION 
Job Hunting 
Grade Level 3-5 
Rubrics and Benchmarks 
Expert 
The solution shows a deep understanding of the problem including the ability to 
identify the appropriate mathematical concepts and the information necessary for its 
solution. Uses refined reasoning. There is a clear, effective explanation detailing 
how the problem was solved. All the steps are included so that the reader does not 
need to infer how and why decisions were made. Mathematical representation is 
accurate and communicates ideas related to the solution of the problem. There is 
appropriate use of mathematical terminology and notation. 
AUTHOR 
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